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AUTHOR'S PREFACE. 



It has not been my intention to enlarge the present volume 
beyond the scope of a text-book ; all disconnected facts and 
mere desoriptive matter have therefore been omitted. In 
original research, every fact, however isolated it may at first 
seem, may prove of inestimable value as a starting-point 
for fresh ideas and inquiries. For this reason, an exhaustive 
account of all facts is both valuable and necessary in a 
hand-book. But a text-book should merely seek to initiate 
and interest the student, and to acquaint him with the 
principal achievements of investigation in biological sequence. 
A mass of statements and details would weary and disgust 
the beginner, and might deter him from pursuing the subject 
altogether. But if interest once be awakened by a sug- 
gestive though inadequate treatment of the subject, the defi- 
ciencies may readily be supplied by recourse to the hand- 
books, or, better still, by a careful perusal of the original 
works. 

Descriptions of analytic methods have also for the most 
part been avoided, as they would have interrupted the main 
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narrative, and as we already possess numerous standard 
works on chemical analysis in physiology and pathology, 
such as those by Hoppe-Seyler, Leube and Salkowski, 
Neubauer and VogeL With the aid of such teachers as 
these, analysis should be learnt and practised in the 
laboratory. 

On the other hand, I have endeavoured to introduce 
everything that is at present ripe for a connected account. 
Especial care has been bestowed on the references. The 
original memoirs quoted have been so chosen that, with 
them as a basis, the reader who is desirous of pursuing the 
study of physiological chemistry, will readily be able to 
find his way through its remaining literature, and will also 
have his attention drawn to those works which were beyond 
the scope of my subject. 

If my lectures succeed in inducing the study of the 
original sources, my aim will have been attained. Of what 
use would it be to the medical student to learn up an 
exhaustive treatise on physiology? In a few years he 
would be no wiser than before. In science, it is imperative 
that all academic teaching should be so directed as to 
render the student capable of following its progress. For 
this, a thorough knowledge of the exact sciences, phyeics, 
and chemistry, is requisite; he will then be in a position 
to read physiological works, which he should be led to 
weigh and discuss critically. No one will ever regret time 
and trouble spent in this way. Later in life, he will find 
that he can always increase his knowledge, and that all 
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medical work will be the easier for it. An intimate acquaint- 
ance with the exact natural sciences would shorten and 
simplify medical study. 

The object I have kept in view throughout these lectures 
has been to enable the beginner to refer at once to the 
most valuable passages in the original works, whenever his 
interest has been excited in any question of physiological 
chemistry. 

G. BUNGE. 

Bale, 

July, 1889. 
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LECTURE I. 

INTBODUCTION — ^VITALISM AND MECHANISM. 

By way of introduction, I may be allowed to lay before my 
readers the views I hold on the aims and prospects of modern 
physiological research. We read in numberless physiological 
papers, and in the introduction to almost every text-book of 
physiology, that the object of physiological inquiry is to 
explain the phenomena of life by physical and chemical, and 
therefore ultimately by mechanical laws. A physiologist of 
the present day would be regarded as lacking both in intelli- 
gence and industry, were he to take refuge, as at one time the 
*' vitalisis " did, in the assumption of a special '' vital force -^ 
as a means of explaining biological problems. I can Only 
accept this view in a modified form, and with the understand- 
ing that no explanation is offered by a mere term. I regard 
" vital force " as a convenient resting-place where, to quote 
Kant, '^ reason can repose on the pillow of obscure qualities." 
But I cannot assent to the doctrine which some opponents 
of vitalism maintain, and which would have us believe that 
in living beings there are no other factors at work than simply 
the forces and matter of inorganic nature. We certainly 
cannot recognize more than these forces, owing to the limita- 
tion of our powers, since in the observation of both organic 
and inorganic nature we always make use of the same 
organs of sense, which react only to certain forms of motion. 
A form of motion transmitted to the brain by the fibres of 
the optio nerves arouses in us the consciousness of light and 
colour; the consciousness of sound is due to another form 
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2 LECTURE I. 

of motion transmitted by the auditory nerve ; all our sensa- 
tions of taste and smell, of temperature and touch, are due 
to forms of motion. At least this is what physics teaches 
us; these appear to be at present the most fruitful hypo- 
theses. It would indeed be a lack of intelligence to expect, 
with the same senses, to make discoveries in living nature of 
a different order to those revealed to us in inorganic nature. 

But for the study of organic nature we possess one addi- 
tional sense, our '' internal sense;" the power of studying 
and observing the conditions and processes of our own 
consciousness. To hold that this also is a variety of motion, 
is, in my opinion, an untenable doctrine. The simple fact 
that many conditions of consciousness have no relation to 
space is opposed to such a view. Only what consciousness 
has acquired by certain senses, sight, touch, muscular 
sense,* is related to space. All other sensations, emotions, 
passions, and an unlimited number of ideas have no relation 
to space, but only to time. We cannot here, then, speak of 
^ mechanism. It might be suggested that this is only an 
apparent difference — that in reality these also have dimen- 
sional properties. But such an opinion cannot be sustained. 
We suppose that objects which we perceive with our senses 
have dimensional properties simply on the ground that, so 
far as we can observe them by means of our senses, touch 
and sight, they seem to possess them. But, for the whole 
world of our internal sense, we have not even this apparent 
reason, so that we cannot admit that there is any ground 
for such a supposition. 

* The ideas of space, whieh are oonneoted with the sensations of sight and 
toneh, may be brortght about by the complex mnscnlar apparatus, which plays 
a part in all the fanctions of the organs of sight and tonoh. This is also trae 
of the so-called ** common sensations.** The ideas of space may be dne to the 
sensory fibres of the muscular nerves only. This .view was flnt upheld by 
Steinbuch (" Beiliage zur Physiologie der Sinne : '* Niimberg, 1811), and contested 
by Job. Mflller (*< Zur vergleichenden Physiologie des Geaichtssinnes," p. 52 : 
Leipzig, 1826), but, I consider, on unsatis&etory giomids. Joh. MfiUer was*a 
supporter of Kant's doctrine of space, which likewise appears to me untenable. 
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Therefore the deepest insight we can gain into the most 
essential part of onr nature shows us something quite 
different, shows us things which are without dimensions, and 
processes which can have nothing to do with mechanism. 

The opponents of vitalism, those who support the me- 
chanical explanation of life, usually seek to justify their views 
by saying that the further physiology advances, the more 
does it become possible to explain, on physical and chemical 
grounds, phenomena which have hitherto been regarded as 
associated with a special vital force ; that it is only a question 
of time ; that it will finally be shown that the whole process 
of life is only a more complicated form of motion regulated 
solely by the laws which govern inorganic nature. 

But to me the history of physiology teaches the exact 
opposite. I think the more thoroughly and conscientiously 
we endeavour to study biological problems, the more are we 
convinced that even those processes which we have already 
regarded as explicable by chemical and physical laws, are 
in reality infinitely more complex, and at present defy any 
attempt at a mechanical explanation. 

Thus we have been satisfied to account for the absorption 
of food &om the alimentary canal by the laws of diffusion 
and osmosis. But we now know that, as regards osmosis, 
the wall of the intestine does not behave like a dead mem- 
brane. We know that the intestinal wall is covered with 
epithelium, and that every epithelial cell is in itself an 
organism, a living being with the most complex functions ; 
we know that it takes up food by the active contraction 
of its protoplasm in the same way as observed in inde- 
pendent naked animal cells, such as amcBbse and rhizopods. 
Observations on the intestinal epithelium of cold-blooded 
animals have made it obvious that the cells grasp the 
particles of fat contained in the food by means of proto- 
plasmic processes which they send out ; that they incorporate 
the fat-globules with the protoplasm of the cell, which finally 
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passes them on to the commencement of the chyle- vessels.* 
As long as this active intervention of cells was unknown, 
it was impossible to understand the remarkable fact that, 
although the minute drops of fat were able to pass through 
the intestinal wall, yet finely divided pigments, intentionally 
introduced into the intestine, remained quite unabsorbed. 
At the present time we know that all unicellular organisms 
possess the power of selecting their food, of taking up the 
useful and rejecting the useless substances. In this con- 
nection, I may relate an interesting observation made by 
Cienkowski f on an amoeba, called the Yampyrella* 

The VampyreUa Spirogyrw is a minute red-tinged cell 
devoid of any special limiting membrane, and apparently 
quite structureless. Cienkowski could find no nucleus in the 
cell, and the small granules observed in the protoplasm were 
probably only residues of nutrient matter. This minute 
mass of protoplasm will take but one form of food, a particular 
variety of algse, the Spirogyra. It can be observed to send 
out pseudopodia and to creep along the confervsB until it 
meets with a Spirogyra ; then it affixes itself to the cellulose 
coat enclosing one of the cells of the latter, dissolves the coat 
at the point of contact, sucks in the contents of the cell, and 
travels to the next to repeat the proceeding. Cienkowski 
never saw the VampyreUa attack any other class of algae, or 
even take up any other substance; vauchensB, oedogoniaa, 
purposely placed before it, were always rejected. 

Another monad, the Colpodella pugnax, was observed by 
Cienkowski to feed exclusively on Chlamydomonas : *' it punc- 
tures, as it were, the latter, absorbs the escaping chlorophyll. 



* B. Wiedenheim has given an account of the older literatare, together with 
hifl own investigationB on this fuhject in the ** Festschrift der 56. Tersammlung 
dentsoher Katnrforscher and Aerzte, gewidmet von dcr natnrforsohendcn 
Gesellsehaft za Freihnrg,L B." Fieibnrg nnd Tubingen : 1883 ; and Heidenhain, 
Pflttgex's Areh,, vol. xli., Suppl. : 1888. 

t L. Cienkowski, ^'Beitr&ge zur Kenntnlss der Komaden," Arch, /. m*^ 
Anaiomie, vol. i. p. 203 : 1865. 
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and departs." '' The behaviour of these monads/" says 
Cienkowskiy *' in their search after food and their method of 
absorbing it, is 'so remarkable, that one can hardly avoid 
the conclusion that the acts are those of conscious beings." 

If this power of selecting food is possessed by the struo** 
tureless mass of protoplasm, why should it not also be a 
function of the epithelium of our intestine? Just as the 
Yampyrella picks out the Spirogyra from amongst all other 
algse, so do the epithelial cells of our intestine select the 
fat-drops and reject the pigment-granules. We know that 
the epithelium of the intestine prevents the absoiption of a 
whole series of poisons, in spite of the fact that the latter 
are easily soluble in the gastric and intestinal juices. Indeed, 
we know that these poisons, when injected into the blood, 
are excreted by the intestine. 

It was likewise once thought that the activity of glands 
and the processes of secretion were in the main explicable by 
osmosis. But we now know that here too the epithelial cells 
play an active part. Here again we find the same mysterious 
power of selection, of picking out certain constituents of the 
blood, of altering them by processes of synthesis and decom- 
position, of sending some into the ducts of the glands, and 
others back into the lymph and blood. The epithelial cells 
of the lacteal gland collect all the inorganic salts from the 
blood — which has a totally different constitution — ^in the 
exact proportion required by the infant, that its growth and 
development may assimilate it to its parents. These phe- 
nomena cannot at present be explained by the laws of 
diffusion and osmosis. 

All the cells of our tissues possess the same wonderful 
powers as the leucocytes and epithelial cells of the alimentary 
canal, and of glands. Consider the mode of development of 
our organism: all tissue-elements are produced from a 
single ovum, and in proportion as the cells increase by 
segmentation, they become differentiated on the principle of 
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the division of labour; every cell acquires the fskculty of 
rejecting some substances, of attracting others and storing 
them up, thereby attaining the composition -necessary for the 
due fulfilment of the functions it has to perform. But it is 
hopeless to offer a chemical explanation of this process. 

Just as little has it been possible, in other branches of 
physiology besides that of nutrition, to refer any single 
vital process to the laws of chemistry and physics. 

We have sought to explain the functions of nerve and 
muscle by the laws of electricity, and must now admit that 
electrical processes have been demonstrated with certainty 
to occur in the living organism only in a few fishes ; or even 
if we grant that electrical currents have been decisively 
proved to exist in muscles and nerves, we are bound to 
confess that the explanation of the functions of nerve and 
muscle is but slightly advanced thereby. 

It may be suggested that the physiology of the special 
senses offers a field for precise physical explanations. It 
is true that the eye is a physical apparatus, an optical 
apparatus, a camera obscura. The image on the retina is 
formed by the same unchanging laws of refraction as the 
image on the sensitive plate of a photographer. But it is not 
a vital process. The eye is absolutely passive in the matter. 
The image on the retina is formed in an eye separated from 
the body and dead. The development of the eye is a vital 
process. How is this complex optical apparatus formed? 
Why do the cells arrange themselves so as to form this 
wonderful structure? This is the great problem towards 
the solution of which nothing has yet been done. The 
succession of events in development may indeed be observed 
and described, but of the wherefore, the causal connection> 
we know absolutely nothing. The process of accommodation 
is a vital process. Here again we have to deal with the old 
unsolved question of muscle and nerve. The same is true 
of the other organs of sense. We can explain physically 
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nothing but those processes in which the organ is quite 
passively set in vibration by external impulses. 

The same is true of all other branches of physiology. We 
have endeavoured to explain the phenomena of the circulation 
of the blood on a physical basis. The blood is certainly 
subject to the laws of hydrostatics and hydrodynamics^ but 
it is perfectly passive as regards circulation. No one has 
hitherto been able to explain the active functions of the heart 
and muscular wall by a reference to physical laws. 

I maintain that all the processes of our organism capable 
of explanation on mechanical principles are as little to be 
regarded as vital phenomena as the rustling of leaves on a 
tree, or as the movement of the pollen when blown from 
stamen to pistil. Here we have a form of motion essential 
to the phenomenon of life^ and yet no one would consider it a 
vital act| simply because the pollen is quite passive under it. 
It does not in the least alter the main point at issue^ whether 
the source of motion is formed by the kinetic energy of the 
wind^ or by the sunlight which induces the wind^ or by the 
latent chemical energy into which the sunlight has been 
converted. 

Themystiery of lifeJ[iea^M4dearrAij>ctivity.* But the idea 
of action has come to us, not as the result of sensory percep- 
tionSy but from self-observation, from the observation of the 
will, as it occurs in our consciousness, and as it manifests 
itself to our internal sense. When our external senses meet 
with this same activity, we cannot recognize it. We see its 
results and accompaniments, the various forms of motion, 
but the thing itself we do not see. We have no organ for its 
perception ; we can only hypothetically accept its existence, 
which we do when we speak of *' active movement." Every 
physiologist does so, nor can he manage without such a 

^ * Aotiviiy and life aie perhaps two words for the same idea, or rather two 
words to which no definite idea is attached. And yet these vagne terms are aU 
thai we have at our command. Hero we approach the most difficult problems, 
which have foiled all attempts at solution. 



8 LECTURE I. 

conception. This is the first attempt towards a psychological 
explanation of all vital phenomena. We transfer to the 
objects of our sensory perception, to the organs, to the tissue- 
elements, and to every minute cell, something which we have 
acquired from our own consciousness. 

If, as it thus appears, it is impossible to explain vital 
phenomena by the help of physics and chemistry alone, we 
must inquire what the other auxiliaries to the science of 
physiology — the morphological sciences, anatomy and his- 
tology — can do for us. 

I hold that there is at present but little likelihood of 
attaining our aim by their means. For when we have, with 
the aid of scalpel and microscope, carried our anatomical 
analysis to its utmost limit, to the simple cell, we stiU have 
the great problem to face. The most simple cell — a formless, 
structureless, minute mass of protoplasm — exhibits all the 
essential processes of life, as nutrition, growth, reproduction, 
movement, reaction to stimulation ; it even displays functions 
which act at least as a substitute for the psychical powers of 
higher organisms. You will remember that it is so in the 
case of the Yampyrella, and I should like to call your 
attention to the still more remarkable observations which 
Engelmann has made on the ArcellaB.* 
/ The ArcellaB are also unicellular organisms, but they are 
mbre complex than the Yampyrella, because they have a 
nucleus and a shell. This shell has a convex-concave form. 
In the middle of the concave side of the shell is an opening 
from which the pseudopodia project, appearing as clear pro- 
tuberances at the edge of the shell. If a drop of water 
containing arcellsd be placed under the microscope, it often 
occurs that one of them falls on its back, as it were, i.e. with 
the convex side downwards on the slide, so that the pseudo- 

 Til. M. Engelmann, "Boitrago znr Pliyeiologio dos Protoplosma,'* Pfluger'a 
Arch.^ Tolr xi. p. 307 : 1869. Ck)nipare also Pfliiger's Arch., Yol. xx?. p. 228 ; 
vol. xxvi. p. 54i ; and vol. xxx. pp. 96, 97. 
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podia which appear at the edge of the shell cannot reach any 
support. It is then observed that, near the edge on one side, 
minnte bubble s of jas make their appearance in the proto- 
plasm ; this side consequently becomes lighter and floats up, 
BO that the animal now rests upon the opposite sharp edge. 
It is now able, by means of its pseudopodia, to grasp the 
elide and thus completely to turn over, so that all the pseudo- 
podia are downwards. The gas-bubbles now disappear, and 
the animal crawls away. If a little water containing arcelte 
be dropped on the under side of a cover-glass, and the latter 
be placed on a small gas-chamber, it is observed that the 
animalcules at first sink to the bottom of the drops. If they 
find nothing to lay hold of, large bubbles of gas are developed 
in the protoplasm, and as they are thus rendered specifically 
lighter than the water, they rise in the drops. If they reach 
the sxurface of the glass in such a position that they cannot 
attach themselves to it by their pseudopodia, the gas-bubbles 
are diminished on one side or increased on the other (some- 
times simultaneously on both), until a tilting takes place and 
the edge of the shell comes in contact with the glass, and they 
are thus enabled to turn over. When once this is accom- 
plished, the bubbles again disappear, and the animal can now 
crawl freely about the glass. If the arcellaa are carefully 
detached by means of a needle, they at first fall to the bottom, 
and then go through the same proceedings anew. Whatever 
attempt may be made to put them into an inconvenient 
position, they are always able, by the development of gas- 
bubbles of appropriate size and at the proper spot, to right 
themselves, so that they acquire a position favourable to 
locomotion; and the attainment of this object is always 
followed by the disappearance of the bubbles. '' It cannot be 
denied,'* says Engelmann, ''that these facts point to psychical 
processes in the protoplasm.*' \ 

Whether this view of Engelmann's is justified or not, I do 
not venture to decide. I will even unreservedly admit that 
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these remarkable phenomena may find a mechanical expla- 
nation. I have brought these facts to your notice merely in 
order to show you what complex manifestations of life we 
meet with, in cases where microscopical investigation has 
already reached its limit, and how little it has at present 
been possible to explain any single vital process on purely 
mechanical grounds. For the cells of which our body is 
composed, exhibit processes which are at least as complicated 
as those of the simple organisms. Every one of the innu- 
merable microscopical cells of which our body is made up is 
a microcosm, a world in itself. 

It is a well-known fact that through one single sperma- 
tossoon, through this minute cell, five hundred million of which 
would hardly occupy one cubic millimeter, all the physical 
and intellectual peculiarities may be transmitted &om father 
to son, or, even skipping the son, may again, by the agency 
of one single minute cell, reappear in the grandson. If this 
is really a* mechanical process, how wonderful must be the 
molecular structure, how complicated the interchange of 
forces, how intricate the forms of motion, in this small cell 
which shall direct all subsequent forms of motion, and the 
mode of development for generations ! And how shall this 
minute structure transmit mental qualities? Here we are 
utterly abandoned by physics, chemistry, and anatomy. 

Many centuries may pass over the human race, many a 
thinker's brow be furrowed, and many a giant worker be 
worn out, ere even the first step be taken towards the 
solution of this problem. And yet it is quite conceivable that 
a sudden flash of light may illumine the darkness. You 
would misunderstand me, were you to take my exposition 
as a confession that I imagine, that science has impassable 
boundaries. Science will, continue t o ..ask and to aggsfi^ 
eyer bolder questions . Nothing can stop its ytftorions 
' career, no jeven the limitations of our inteUefit. This too is 
capable of being made more perfect. There is no rational 
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ground for thinking that the continuous progression, develop- 
ment, and ennoblement of type which has been going on 
for centuries on this planet, should come to an end with 
us. There was a time when the only living creatures 
were the infusoria floating in the primeval sea, and the time 
may come when a race may dominate the globe as supe- 
rior to ourselves in intellectual faculties as we are to the 
infusoria. 

We must, therefore, unreservedly admit that the stupendous 
difficulties which at present beset physiological investigations 
may finally be overcome. But for the moment it is not 
apparent how any further progress of importance can be 
made with the help of chemistry, physics, and anatomy only. 
The smallest cell exhibits all the mysteries of life, and our 
present methods of its investigation have reached their limit. 

But we may improve our methods, we may acquire 
microscopes of still higher power than those we now possess. 
The cell which at present appears to be without ^structure, 
may show a nucleus when treated vdth some new stain. 
And the nucleus itself displays a structure so complex that 
it will soon require the entire attention of numerous observers 
for its adequate investigation and description. But unfor- 
tunately a complex structure is no explanation ; it only offers 
a new problem as to its mode of origin. And, moreover, how 
little does our knowledge of this structure help us to under- 
stand even the simple processes observable in the Yampyrella 
and the Arcella ! 

For all this, physiological inquiry must coromence with 
the study of the most complicated organism, that of man. 
Apart from the requirements of practical medicine, this is 
justified by the following reason, which leads us back to the 
starting-point of our remarks : that in researches upon the 
human organism we are not limited to our physical senses, 
but also possess the advantage afforded by the ''internal 
sense," or self-observation. 
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To the clear recognition of the value of this method, 
which enables us to attack the problem from two sides, is 
due Johannes Miiller's great discovery of the law of the 
"specific energy of the senses,*' which is without doubt the 
greatest achievement both of physiology and psychology, and 
the exact basis of all idealistic philosophy. I mean the 
simple law, that the same stimulus, the same external 
phenomenon, acting on different organs of sense always 
produces different sensations; and that different stimuli 
acting on the same organ of sense always produce the same 
sensation. The phenomena of the outer world, therefore, 
have nothing in common with the sensation and ideas they 
call forth in us, and the states and processes of our own 
consciousness are alone immediately subject to our observa- 
tion and recognition. 

This simple truth is the greatest and deepest ever thought 
out by the human intellect, and leads us at once to a complete 
understanding of what constitutes the essence of vitalism. 
The essence of vitalism does not lie in being content withj 
a term and abandoning reflection, but in adopting the only 
right path of obtaining knowledge which is possible, in 
starting from what we know, the internal world, to explain ; 
what we do not know, the external world. 

The opposite and erroneous view is adopted by mechanism, 
which is no other than materialism; it starts from the 
unknown, the external world, to explain the known, the 
internal world. 

The physiologist is continually being driven back to 
materialism by the fact, that in psychology no attempt has 
yet been made to attain that exactness to which the studies 
of physics and chemistry have accustomed us. It cannot 
be denied that, although nothing is so immediately under 
observation as the conditions and processes of our own 
consciousness, it is precisely on this subject that our know- 
ledge is most vague and uncertain. There are numerous 
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reasons for this. The object is more complicated, the qualities 
are much more nnmerons, than in the outer world; moreover^ 
the states and processes in our consciousness are ever under- 
going rapid variation ; and, finally, we possess at present no 
means of quantitatively estimating the objects of our internal 
sense. 

So long as psychology remains in this condition, we 
cannot arrive at satisfactory explanations of vital processes. 
In most branches of physiology, there is nothing to be done 
but to proceed along the same mechanical lines. This 
method is undoubtedly valuable; we must endeavour to 
advance as far as possible by the sole help of chemistry and 
physics. What these sciences fail to achieve will stand out 
more prominently, and thus the mechanical theories of the 
present will assuredly carry us eventually to the vitalism of 
the future. 
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LECTURE II, 

THE OIBCULATION OF THE CHEMICAL ELEMENTS.* 

The object of physiological chemistry is to investigate the 
chemical processes of the living organism, and to consider 
the relation of these processes to vital phenomena. We shall 
confine ourselves to a consideration of these processes as they 
occur in man and the higher animals. It may appear erro- 
neous to commence the study of the most complex organisms 
before obtaining a general knowledge of the chemical pro- 
cesses of the more simple ; but since no physiological 
chemistry of the latter as yet exists, there is no choice left 
to us. The little that is known on this subject will be intro- 
duced, as occasion offers, when we come to discuss the nutri- 
tion of the higher animals. 

Before we approach our subject, we must consider the 
various chemical elements and forces, concerned in vital 
manifestations, as they present themselves in organic and 
inorganic nature. Nature must be considered as a whole if 
she is to be understood in detail ; there must be a clear com- 
prehension of the great unchanging laws which are equally 
applicable to living and inanimate things. 

* The beginner who deBires to make himself more fully acquainted with tbo 
snbjoct of the present' chapter, is particularly recommended to study Liebig's great 
work, ** Chemistry in its Applications to Agriculture and Physiology : " 1840 ; 
8th edit. 1865. The scientific enthusiasm which our great teacher imparted 
during his life to all who came into contact with him, slill speaks &om every 
page of this work. Those who wish to fomiiiarize themselyes with more )nodem 
achieYements should read Adolf Meyer's '* Text-book of Agricultural Chemistry '* 
(Heidelberg : 1876), in which will be found a full account of the original litera- 
ture on the subject. 
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Twelve chemical elements enter into the composition of all 
living beings without exception : carbon, hydrogen, oxygen, 
nitrogen, sulphur, phosphorus, chlorine, potassium, sodium, 
calcium, magnesium, and iron. 

Gabbon occurs, on the surface of our planet, chiefly united 
with oxygen in the form of carbonic acid. Of this only a 
small part exists free in the atmosphere, or absorbed in 
water. The greater part is united with such bases as lime 
and magnesia, and forms gigantic strata of the earth's crust. 
Only a comparatively small amount of carbon occurs in a free 
state as coal, and a still smaller quantity as graphite and 
diamond. Goal is, as we well know, the residue of plants, 
and plants derive their carbon from the carbonic acid of the 
atmosphere. Apart, then, from graphite and diamond, the 
mode of formation of which is still unknown, it may be said 
that all the carbon on the earth is or has been in the form 
of carbonic acid, and that carbonic acid is the compound 
through which carbon must always pass in its innumerable 
metamorphoses. It is in this form that carbon appears in 
the cycle of life ; in this form alone it is taken up by plants 
and converted into the numerous combinations of which they 
are composed. Garbon is introduced into the animal organism 
as vegetable food, and is excreted either as carbonic acid or in 
the form of compounds, such as urea, which very rapidly 
decompose outside the organism, and yield carbonic acid. 
Garbon, then, leaves the cycle of life in the same form in 
which it entered, and returns to the atmosphere to repeat the 
process anew. 

Htdroobn is only found in traces as a free gas. In inorganic 
nature it occurs almost exclusively in the form of water, but 
a minute quantity appears as ammonia. Hydrogen is taken 
up by plants in the form of water and ammonia only ; it con- 
stitutes part of the complex substance the plant is made of, 
and which serves as food for animals ; it leaves the animal 
organism again in the form of water and ammonia, or in the 
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shape of compounds \\rhich rapidly split up into these two 
bodies. 

Oxygen is the most widely distributed of all elements on 
the surface of the globe ; it forms nearly one-fourth by weight 
of the atmosphere, eight-ninths of the weight of water, and 
about half the weight of the earth's crust, which is made up 
almost exclusively of oxygen-compounds. Oxygen is the only 
element which enters the living organism in a free state, but 
it does so only in part, and in the case of plants only to a 
very small extent. The chief bulk of the oxygen enters the 
organization of plants as water and as carbonic acid. By 
the aid of sunlight, the plants split off from these combina- 
tions a part of the oxygen, and form compounds richer in 
carbon and hydrogen, which, as food stuffs, are taken into 
the animal body, where they again unite with oxygen, and 
are returned as carbonic acid and water to the air. 

By this antagonism between the animal and vegetable 
kingdoms, the balance of carbonic acid and oxygen is main- 
tained in the atmosphere; the plant yielding the oxygen 
which the animal requires, while the animal in its turn gives 
out the carbonic acid needed by the plant. 

We may now ask whether this balance will always be 
maintained. Even should it not be disturbed by vital pro- 
cesses, may there not be agents at work in inorganic nature, 
which, by their action on the atmosphere, may increase or 
diminish those of its constituents necessary to existence ? 

As regards carbonic acid, the geologists are of opinion 
that there was formerly a larger amount in the atmosphere. 
What are the causes of this diminution? are they still at 
work ? and have we to look forward to a continuous decrease 
in the bulk of thip gas ? 

One of ilib causes of the diminution of carbonic acid is 
not far to seek : i.e. the formation of coal strata, which, it 
is well known, owe their origin to plants which derived their 
carbon from the carbonic acid of the atmosphere. At the 
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same time, the amomit of carbon taken np in this way 
appears to be comparatively small. And even if the for- 
mation of coal is still going on under the sea, on the other 
hand carbonic acid is being unceasingly returned to the 
atmosphere from thousands of chimneys. We need scarcely 
fear a diminution of carbonic acid from this cause. But 
there is another one of far greater importance : I mean the 
displacement of the silicic acid from the stone of the earth's 
crust by the c arbonic acid of the atmosphere ; the union of 
carbonic acid with the bases previously existing as silicates. 
The rocks, which form the solid crust, consist principally of 
silicates and carbonates — of compounds of silicic and car- 
bonic acids with lime, magnesium, suboxide of iron, and 
alkalies. Now, eq^h acid is always trying to prevent the 
other from combining, and to unite itself with the basic con- 
stituents. Silicic acid and carbonic acid are ''the two great 
powers in the construction of the earth," and are always at 
war with each other, with ^\fiXV^*^ vktoxy and^.deieat on 
each side. As soon as c^bonio acid succeeds in obtaining 
complet e masteyy over the sUicic Jkcid, all organ ic life must 
cease on our planet. 

The chemical affinity of carbonic acid to the basic con- 
stituents of the rocks is closer than that of the silicic acid, in 
the cold and in presence of water ; the carbonic is the more 
powerful acid on the earth's surface, where it is obtaining 
a slow but sure victory. Every wave breaking against the 
eliflESs, every ripple which washes the flinty bed of the river, 
every drop of rain which falls to the ground contains carbonic 
acid in solution, and slowly but surely destroys the hardest 
rock ; the carbonic acid unites with the basic constituents, and 
the displaced silicic acid, combined with the residue of th^ 
bases, sinks to the bottom of the water, where, as clay or sand- 
stone, it gradually forms massive strata of the earth's surface. 
But the carbonic acid, united with lime or magnesium, is 
likewise precipitated, mixed either with part of the decom- 

c 
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posed silicates in the form of marl, or in separate strata as 
limestone and dolomite. Half the entire weight of the thick 
calcareous strata, which compose a very large part of the 
omst of the earth, consists of carbonic acid, derived from the 
atmosphere, and which has apparently been withdrawn for 
ever from the cycle of life. 

But the struggle between the two acids wears another 
aspect in the interior of the earth. At the higher tern- 
p^rfttnrfl which prevails there, the ajliQJQ ^^id is the more 
powerful. In the depths of the earth it attacks the carbo- 
nates, and the carbonic acid which is driven off escapes into 
the atmosphere. This carbonic acid is continually issuing 
from all active volcanoes, and also from other cracks and 
fissures in various parts of the earth. The quantity which 
is thus returned to the atmosphere cannot be determined, 
but it seems probable that it is much less than what is con- 
stantly being removed in the form of chalk and carbonate 
of magnesia. If it is true that our planet is steadily 
becoming cooler and its crust thicker, the factor which aids 
the silicic acid, the warmth of the earth itself, must con- 
tinually decrease, and thus leave nothing to dispute the rule 
of carbonic acid ; hence organic life must terminate. 

In like manner as carbonic acid, a second constituent 
of the atmosphere, oxygen, is constantly becoming fixed in 
the crust of the earth, and thus removed from the cycle of 
vital phenomena. The constituent of the earth's crust which 
binds it, is the ferrous oxide resulting from the decomposition 
of certain silicates. This becomes oxidized to ferric oxide, 
which, as is well known, forms by itself considerable strata, 
and occurs in still larger quantities mixed with other mate- 
rials, as clay, loam, sandstone, and shale. One-third of the 
oxygen in these huge masses of ferric oxide is derived from 
the atmosphere. A part of this oxygen may return to the 
atmosphere, for, when the oxide of iron comes into contact 
with decomposing organic substances, the latter abstract 
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part of its oxygen. As the result of the oxidation of the 
organic substances, carbonic acid is returned to the atmos- 
phere, where it may again be decomposed by plants, thus 
liberating oxygen. But this activity of plants is the only 
process by which oxygen is set free on the earth's surface, 
and it is very questionable whether it is of itself sufficient 
to counterbalance the consumption of oxygen in respiration, 
putrefaction, combustion, and oxidation of the compounds of 
iron and of sulphur. 

It thus appears that a substance of great importance in 
the nutrition of plants, free carbonic acid, and a substance 
essential to the maintenance of all organic life, free oxygen, 
are continually diminishing, and that the time is slowly but 
surely approaching when the conditions necessary for our 
exis^<ence wiU no longer prevail, and when all life will become 
extinct on this planet. 

We will now turn otur attention to the nitbooen, the 
fourth and last of the elements which organic nature derives 
from the atmosphere directly or indirectly. Nitrogen is 
characterized by its small affinity for other elements. For 
this reason the greater part of the nitrogen is found in a free 
state ; it forms four-fifths of the atmosphere. Only a minute 
portion is found in inorganic nature in the form of com- 
pounds: this is the nitrogen of ammonia, and of its pro- 
ducts of oxidation, nitrous and nitric acids. Nitrogen enters 
organic nature in the form of these compounds only. The 
great bulk of free nitrogen has no part in vital processes, for 
the plant cannot assimilate it. 

Now, since the quantity of fixed nitrogen existing in 
nature is very small, and since plants cannot utilize the 
other constituents of their nutrition unless an appropriate 
quantity of fixed nitrogen be taken up at the same time, 
it is obvious that the total number of organic beings which 
can simultaneously exist on the earth must depend in the 
first instance on the amount of fixed nitrogen available. It 
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is, therefore, a question of the greatest interest to know by 
what means the amount of fixed nitrogen is increased or 
diminished. 

The process of life itself does not alter the sum total of 
fixed nitrogen. Nitrogen is takeiuup by the lilailiiB as gfflr 
monia, mtQlfiS, and nilij^atfi^, and is converted into and forms 
part of numerous most complicated substances, chiefly ^^ro- 
teids; in this form it enters the animal economy, where the 
proteid breaks down into urea, uric acid, and other com- 
pounds, which rapidly decompose outside the organism, and 
yield ammonia. Nitrogen QQJjfijc&jihe organic cycle in a fijfi^ 
form , and IggjfiS ^^ ^ the sjime state ; the vital processes 
themselves neither increase nor diminish the existing store 
of fixed nitrogen. 

-^ But in inorganic nature there must be factors at work 
which produce fixed nitrogen. For if it is true that our 
earth was once a fluid mass of fire, ammonia and nitric 
acid could not then have existed, since they break up into 
their elements at a high temperature. Organic life could 
never have arisen, had there not been a process at work 
which produced the ^m^'^^ of ^jjifpg^" with hsixQgSU ^^^ 
oxygen. ^^^ a process has been recognized in Qjjjxu28fi^§cip 
elgdicifiaJ discharges. It has been established by numerous 
experiments that, by means of electrical discharges, n f tro g en 
is tpUfid with oxygen t o form n itric q.eid. and that, by sending 
the electric discharge through a damp atmosphere, nitrogen 
and vapour combine to form nitrite of ammonia.* 

2N+2HaO==NH.m > 

This process occurs on a large scale in every thunder- 
storm, the products being conveyed to the ground by the 
rain. Schonbein has pointed out a second process, viz. that 
wherever evaporation occurs, minute traces of nitrite of am- 

* Berthelot, BuU, $oc Mm.f t. xxvii. p. 338; Ann, chim. phy$,, t. ziL p. 445 : 

M77. 
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monia are formed in the air. The evaporation which is 
constantly going on from the enter surface of the plants 
themselves, may therefore be a source of combined nitrogen 
for them. 

It follows that the whole store of fixed nitrogen is con- 
stantly increasing from two sources. Organic life would 
therefore develop with ever greater luxuriance were it not 
for the operation of other causes, by means of which com- 
bined nitrogen is again set tree . This is effected by hqs^- 
bustion . The burning up of vast forests of wood by man, 
which has been going on for thousands of years, detracts 
from the store of fixed nitrogen, to which animals and plants 
owe their existence ; the total of life is no doubt diminished 
thereby, and the fertility of the soil must decrease. For this 
reason the project of cremation, recently introduced, should be 
abandoned, although the amount of fixed nitrogen destroyed 
in this manner would be much less than it is in consuming 
forests as fuel. Combined nitrogen is further destroyed by 
igniting gunpowder or other explosive^ - which are all deriva- 
tives of nitric acid. A single cannon-shot, in which only a 
pound of gunpowder is used, destroys as much combined 
nitrogen as is contained in three nai^i^p litres of atmospheric 
air. In this sense it may be affirmed that every shot from 
a firearm kills, that it destrovp life wl^ftfh^r th^ bf^fU fi^ffto^ 
a living being or not. F or no lif A \a Incjlj hy thg d eath of 
the individual; from the decay of the tfld3Leasiyalent_|3iew 
liffl ft"°^° But the destruction of combined nitrogen means 
the definite diminution of the capital, upon the amount of 
which the total number of living beings depends. "y/L^ 

The remaining eight elements are derived by the plant 
from the soil. Sulphur is widely distributed in inorganic 
nature as sulphates of the alkalies and alkaline earths. It 
enters the vegetable organism in this form, and takes part in 
the building up of the proteid molecule, of which it forms 
about O'S to 2 per cent, by weight. It is chiefly taken up by 
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the animal organism in the form of proteid, and is excreted 
for the moBt part in the highest oxidized condition as sul- 
phuric acid, derived from the splitting up and oxidation of the 
proteid molecule. In this form, united with alkalies^ it is 
again ready to repeat the cycle of life. 

The course of phosphobus is very similar. It occurs in the 
inorganic world only in a high state of oxidation as phosphoric 
acid united with bases, especially with alkalies and alkaline 
earths, and only enters the plant in this form. 

Although phosphoric acid is widely distributed over the 
whole surface of the globe, its amount in most soils is very 
small. As in the case of nitrogen, the quantity present in a 
field may be so little that vegetable life is unable to convert 
all the other elements into food. In rare cases this is 
also true of potassium ; but there is never a lack of the 
remainiiig nutrient matters. In agriculture it is, therefore, 
of the greatest importance to determine which of these three 
elements is most deficient in any given soil. The fertility of 
the land will depend on the quantity of the substance of which 
there is a minimum. This is the important law which agricul- 
tural chemistry designates as the '' Law of the minimum." 
The element which is present in the smallest quantity must 
be supplied to the soil by artificial manuring. It is generally 
phosphoric acid; hence the use of bone-dust, apatite, and 
the like. 

In the plant, phosphoric acid takes part in the formation 
of very complicated combinations — of the various forms of 
lecithin and nuclein, which are integral constituents of every 
vegetable and animal cell. It is chiefly in these combinations, 
and only to a small extent as salts, that phosphorus enters the 
animal body, which it leaves in the same form that it entered 
the plant, as a phosphate. 

The circulation of chlobike is very simple; it only 
occurs in nature in the form of salts, chiefly united with 
sodium and potassium. In this form it enters and leaves the 
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cycle of life. It takes no part in the formation of organic 
compounds. 

The same is true of sodium, potassium, calcium, and 
magnesium. They occur in the inorganic world only as 
salts, enter plants as such, combine very loosely with organic 
matter, and are excreted from the animal body also in the 
form of salts. 

Ibon never occurs on the surface of the globe as a free 
metal, but chiefly in union with oxygen as ferrous and ferric 
oxides. The former is a strong base, and forms neutral salts 
with all acids. Ferric oxide is only a weak base, and is 
unable to fix carbonic acid. Ferrous silicates, when de- 
composed by atmospheric carbonic acid, yield ferrous car-' 
bonate, which is soluble in water containing carbonic acid, 
and is distributed by water all over the earth. But as 
soon as it comes in contact with the atmosphere, it is 
oxidized to ferric oxide, and the carbonic acid, being set free, 
is returned to the atmosphere. The ferric oxide, when it 
comes in contact with decomposing organic matter, is 
reduced, and ferrous carbonate is again formed and carried 
off by water, until it again comes in contact with air, and 
again aids in the oxidation of vegetable and animal refuse. 
Iron is, therefore, an indefatigable oxidizing agent. The 
iron prevents the retention of carbon in the soil, and 
enables it to return to the atmosphere, and thus to re- 
enter the cycle of life. The process of oxidation is rather 
more complicated when sulphur is present. Sulphur 
also acts as an oxidizing agent. If decomposing organic 
substances meet simultaneously with oxides of iron and 
sulphates, e.g. gypsum, not only is the oxygen of the oxides 
completely taken up, but that also of the sulphuric acid, 
sulphide of iron being formed. The latter, in the presence 
of air, may again be oxidized to sulphuric acid and ferric 
oxide, and then again act as an oxidizing agent. The sulphur 
required for the formation of sulphide of iron after the 
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reduction of ferric ozidCi may be yielded by decomposing 
organic matter itself, since this always contains proteid, and 
consequently sulphur. 

Iron plays the same part in our organism as it does in 
the earth's crust, the part of oxygen-carrier. Only the iron 
in our organism does not occur as ferric and ferrous oxides, 
but as a complex organic compound, the most complicated 
body which has hitherto been investigated with precision, 
and which contains at least seven hundred atoms of carbon 
in its molecule. This is the red colouring matter of the 
blood, hsBmoglobin, which, as oxy-hsamoglobin, a loose com- 
pound with oxygen, corresponds to the ferric oxide, and, as 
reduced hadmoglobin, to ferrous oxide. HsBmoglobin also 
contains sulphur, and it may be that the sulphur of hsBmo- 
globin, and of all other proteid bodies, still retains its function 
as an oxidizing agent. At any rate, it cannot be to the iron 
alone that this property is due, since, as we shall see in the 
fourteenth lecture, the amount of loosely combined oxygen 
is much too large. 

The enormous size of the hsamoglobin-molecule finds a 
teleological explanation if we consider that iron is eight 
times as heavy as water. A compound of iron which would 
float easily along with the blood-current through the vessels 
could only be secured by the iron being taken up by so large 
an organic molecule. 

Haamoglobin first makes its appearance in the animal 
organism. It does not exist in plants. The plant has the 
power of assimilating inorganic compounds of iron, and of 
using them for building up complex organic compounds 
which have not yet been sufficiently investigated. From 
these bodies the haemoglobin is produced in the animal 
economy (vide Lecture VL). 

Iron likewise plays an important part in vegetable life ; 
we know that chlorophyll granules cannot be formed without 
it. If plants are allowed to grow in nutritive solutions free 
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from iron, the leaves are eolonrless, but become green as soon 
as an iron salt is added to the fluid in which the roots are 
inunersed. It is even sufficient merely to brush the surface 
of the colourless leaf with a solution of an iron salt to cause 
the appearance of the green colour in the part thus painted. 
Chlorophyll itself contains no iron, and we do not know in 
what way the iron is concerned in its production. 

It is not yet known in what form and by what path iron 
leaves the animal body. Urine contains scarcely perceptible 
traces of iron, probably as an organic compound. The fsBces 
always contain a considerable quantity of sulphide of iron. 
But it cannot be determined how much of this is derived from 
the food, and how much from the digestive secretions. Out- 
side the body, the sulphide of iron is converted by the atmo- 
spheric oxygen into sulphuric acid and oxide of iron, and the 
cycle is complete. 

In addition to the twelve elements alluded to, the follow- 
ing elements are met with in certain organisms, though they 
are not always an integral part of their composition : silicon, 
fluorine, bromine, iodine, aluminium, manganese, and copper. 

SiucoN does not occur in the free state, but only as silicic 
acid. This compound, as already mentioned, is amongst 
the most widely distributed bodies on the surface of the 
globe. The alkali salts of silicic acid are soluble in water, 
and the free acid, when liberated by carbonic acid from 
certain silicates, at first appears as a hydrated acid apparently 
in a state of solution, in what is known as a colloid condition 
(see Lecture IV.). Probably plants absorb silicic acid in both 
these forms. All the higher plants seem to contain silicic 
acid. Among cryptogamic plants, the reeds and grasses are 
distinguished by the large amount of silicic acid they con- 
tain. Certain unicellular algaa (the Diatomacesd) cover them- 
selves with a shell of silicates. Silicic acid is said to be 
absent from the ash of certain fungi. 

But it would not appear that silicic acid plays any 
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important part in the economy of the higher plants. In 
favoor of this may be qnoted the following experiments on 
the graminaceas, which are rich in silicon, as wheat, oats, 
maize, barley. When these plants are allowed to germinate 
in nntrient fluids free from silicon, so that they can only 
obtain mere traces of silicic acid from the glass vessel con- 
taining the solution, they develop completely, and pass through 
a perfectly normal course of life. In the ash of maize grown 
in this way, only 0*7 per cent, of silicic acid was found, 
whilst, under ordinary conditions of growth, 20 per cent, is 
the average quantity.* 

Whether silicon exists in plants only in the form of silicic 
acid, or whether it forms more complex compounds, has not 
been ascertained. Bilicon is a tetratomic element, like carbon. 
Silicic acid is quite analogous in its composition to carbonic 
acid. Hence a probability that silicon could form numerous 
compounds which would bear the same relation to silicic acid 
as the organic compounds do to carbonic acid; and, as a 
matter of fact, Friedel and Ladenburgt have succeeded in 
preparing a series of such compounds. But their existence 
in plants has, up to the present time, not been made out. t 

Silicic acid is taken up by animals in the form of vegetable 
food. It is absorbed by the alimentary canal, and passes 
through all the tissues, hence minute traces can be demon- 
strated in every organ. It is contained, in considerable 
quantity, in the urine of herbivorous animals, and in sheep 
sometimes occasions stone in the bladder. It appears, how- 
ever, only to be of importance in the development of hairs 
and feathers, the ash of which is always rich in silicic acid. 

 Sachs, " Flora," p. 52 : 1862 ; and ** Wochenblatt der Annalen der Land- 
wirthschaft," p. 184 : 1862. 

t C. Friedel and A. Ladenburg, Compt. rend,, t. Ixvi. p. 816 : 1868 ; and 
t. Uyiii p. 920: 1869. Ber, d, deuUch. ehem, Gt$., p. 901 : 1871; and pp. 819, 
1081 : 1872. 

X Ladenbnrg, Ber. d. deuUch. chem, Qes., vol. y. p. 568 : 1872 ; W. Lange, 
ibid,, vol. xi. p. 822 : 1878. 
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The constant presence in eggs of silicic acid points to its 
being essential in the development of birds. 

Fluorine has been found in very small quantity in some 
plants and animals. It is difficult to detect,* and it may 
possibly be more vddely existent in organic nature than has 
been suspected. It is invariably found in the bones and 
teeth of men and mammals, although we have not yet suc- 
ceeded in ascertaining the exact amount by our present 
methods. It is also said to have been detected in the blood 
of mammals and of birds.f Small quantities of fluorine are 
distributed everywhere in the earth, in the form of fluorspar 
and apatite.; therefore plants are never without it. It acts 
perhaps differently in the nutrition of men and animals. It 
would be very interesting to have the exact amount of fluorine 
in our food determined, and also the quantity we really 
need of it. At any rate, the above-mentioned ^' law of the 
minimum'* holds good for animal as well as for vegetable 
growth. It is conceivable that milk, although rich in the 
most important substances of nutrition, might yet be useless 
to aid the growth of the mammal, for want of the necessary 
trace of fluorine. - ^- /; 

Bromine and iodine are present in many kinds of seaweed, 
and thus pass into the system of marine animals. Their use 
is not known. 

Aluminium is one of the elements most frequently met 
with. Its sesquioxide, alumina, is found, united with silicic acid, 
in almost all crystalline rocks which form the larger portion 
of the great mountain ranges. Mixed with the products of 
disintegration of these rocks, it is found everywhere in ample 
quantity in the soil. It is, therefore, very remarkable that 
alumina has scarcely anything to do with the nutrition of living 

* See 6. Tammann, Zeitsehr. /. anaJyi. Chem.<, yol. zxiv. p. 328 (1885), 
where an account of the literatnre on the methoda of detecting fluorine will also 
be funnd. 

t G. Wilson, Tram, of the Brit. Au. for the Adv. of Set., p. 67 : 1851 ; and 
J. Niclbi, Compt. rend.y t. xliii. p. 885 : 1856. 
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beings. It has been shown positively to exist in any notice- 
able quantity only in a few plants, especially in a few kinds 
of lycopodium, in the ash of which it amounts to over 57 
per cent. We do not know whether it is essential for these 
kinds of plants, nor of what use it is to them ; no experiments 
have yet been made to decide this question. Alumina has not 
yet been detected in the animal body. 

Manganese is found in considerable quantity in the ash of 
a few plants, although nothing is known concerning its use in 
life. Traces of this metal are found all through the vegetable 
kingdom, and occasionally in the animal body. 

Minute traces of most of the other metals are occasionally 
found in plants and animals. They should not on that 
account be considered as essential constituents. 

The presence of copper in certain cephalopods and Crus- 
tacea is noteworthy. This metal appears to be present in 
the form of an organic compound, and to serve as oxygen- 
carrier, thus playing a part similar to that of iron in haemo- 
globin. The blood of these animals is blue, but changes 
colour as soon as the oxygen is withdrawn either by pumping, 
by transmitting a stream of other gases, or by the action of 
reducing agents. When shaken up with air, the blood again 
becomes blue. The latest experiments on this subject were 
carried out by Fredericq,* whose essay also contains an 
account of the work done by his predecessors. 

• L^n Fr^^ricq, BuOettni de Vae, roy. de Bagique, B^r. ii i xlyL Na 11 : 
1878 ; Compt. rend., t. IxxxviL p. 996 : 1878. 
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CONSSBVATION OF BNEBGY.* 

Most intimately connected with the circulation of the elements 
is the transmutation of force. The latter is not, however, 
limited to this earth ; it streams on to our planet with the 
sunlight^ and, having run its course through plant and animal 
life, streams back again into infinite space. 

It is as impossible to destroy force as matter. Force 
itself cannot be directly observed and pursued. We can say 
nothing more definite about it than that it is the cause of 
motion. But we can prove that motion is never annihilated, 
for whenever motion ceases, its cessation is only apparent. 
The movement of masses of matter, visible to us, has either 
changed into a movement of the smallest particles of matter, 
of the atoms, or into ''latent motion," into so-called ''poten- 
tial energy," from which, at any time under appropriate 
conditions, the same amount of motion can again arise. 

If a stone fall to the ground and remain lying there, 
motion has not ceased. The place on the ground where it 
fell, and the stone itself, have become warmed, and heat is 
well known to be a variety of motion. If a stone is thrown 
straight up in the air, it rises with decreeing rapidity and 
comes at last to rest. At that moment its movement is 

^ Fhyriology cannot be studied to any advantage without a thorough know- 
ledge of the law ooneeming the conservation of energy, which can only be 
acquired by advanoed mathematical and physical studies. This lecture may 
serve the beginner who has hitherto neglected these subjects, as a slight pre- 
liminary account. 
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latent, and is stored up in it as potential energy. By virtue 
of this potential energy it now comes down again, and 
reaches the ground at the same velocity with which its ascent 
began. In rising, the force of motion, the so-called '* kinetic 
energy," is converted into potential energy; in falling, po- 
tential energy is changed into kinetic energy. The conversion 
of kinetic energy into potential energy is called '' work," and 
mechanics teach the well-known fact that work is measured 
by the product of the weight raised with the height of the 
ascent, and that it is always the same as the kinetic energy, 
which is measured by the product of half the bulk with the 
square of the velocity. If the stone that is thrown up be 
supported at the moment it has reached the highest point 
and comes to rest, the force can remain stored up in it for 
an unlimited period. But as soon as the support is removed, 
potential energy is again converted into kinetic energy; it 
falls with increasing rapidity, and reaches the ground at the 
same speed with which its ascent began. Hence none of the 
kinetic energy has been lost. If it strikes the ground, an 
amount of heat is generated, which under appropriate con- 
ditions — for instance, by means of a steam-engine — ^would 
exactly suffice to raise the stone to the same height from 
which it fell. Thus no force is lost in the conversion of the 
kinetic energy of moving masses into the kinetic energy of 
moving atoms, and vice versa. As is well known, it has been 
proved by numerous experiments made by different observers, 
and conducted upon various methods, that 425 kilogram- 
meters of work produce one unit of heat (t.e. the amount of 
heat required to raise the temperature of^one kilogramme 
of water by I'' C), and that the unit of heat exactly suffices 
to accomplish work equal to 426 kilogrammeters. 

Let us imagine a tube to be laid through the globe and 
its centre of gravity, from us to our antipodes, and let us 
further imagine a stone brought to rest, in this tube, so that 
the centre of gravity of the stone coincides with the centre 
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of gravity of the earth ; in this case the stone wonld remain 
motionless and free, suspended in the air. But if the stone, 
by virtue of any kinetio energy, were raised to our end of 
the tube, a reserve of potential energy would now be stored 
up in it, by means of which the stone, as soon as it is left to 
itself, returns with increasing rapidity to the middle of the 
tube. At the moment when its centre of gravity coincides 
with that of the earth, all potential energy is used up and 
converted into kinetic energy, and it has attained its greatest 
velocity. This kinetic energy cannot be lost; it drives the 
stone further on, it is reconverted into potential energy, work 
is accomplished, the stone is driven to the other end of the 
tube, to the antipodes. By this time the kinetic energy is 
used up, and is contained in the stone as potential energy, 
by means of which the stone again falls with increasing speed 
to the earth's centre of gravity, and rises with diminishing 
velocity to us. And if the tube be free from air, the stone 
must thus swing backwards and forwards to all eternity, none 
of its movement being lost. But if there is air in the tube, 
a part of the kinetic energy of the stone will be continually 
given over to the individual molecules of air ; the stone will 
swing backwards and forwards at constantly decreasing dis- 
tances from the centre of gravity, where it finally comes to 
rest. At this moment, the whole kinetic energy of the stone's 
moving bulk is converted into the kinetic energy of moving 
molecules, which we call heat. But nothing is lost; precisely 
as many units of heat are produced as correspond to '^ the 
kiiogrammeters of work performed by the rise of the stone 
from the earth's centre of gravity to the end of the tube. 

The same principle seen in this imaginary and imprac- 
ticable experiment may be observed, only in a more com- 
plicated form, in every swinging pendulum. The pendulum 
would also oscillate to all eternity, if the kinetic energy of 
the moving mass were not converted into heat by the friction 
at the point of attachment and with the air. 
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If we make use of that fonn of kinetic energy which we 
call the electric current, to split up a chemical compound, 
(for instance, to resolve water into its elements, hydrogen and 
oxygen), a part of the kinetic energy disappears, but only 
apparently so ; it is converted into that form of latent move- 
ment which we term chemical potential energy, and which is 
entirely analogous to the force with which the stone falls 
when raised. Chemical potential energy is stored up in the 
separated atoms. If they again unite, the potential energy 
they contain is again converted into kinetic energy, which 
appears to us as light and heat ; as, for instance, when a 
flame is produced by the combination of oxygen and hydrogen. 
By means of a thermopile, the heat produced might be re- 
converted into electrical movement, which would be found 
exactly equal to the amount originally required to split up 
the water. Nothing would be lost. 

We thus see that nature possesses a certain store of 
kinetic energy, which can in no way be either increased or 
diminished. If one part of matter comes to rest, another 
part is set in motion. Movement of masses is converted into 
movement of molecules, molecular movement into movement 
of masses ; kinetic energy into potential energy, and potential 
energy into kinetic energy. The sum total of all potential 
energy and of all kinetic energy always remains the same. 
This law is called the Law of the Conservation of Energy. 

AU movements on the surface of the earth (with the 
single exception of the tides, which are connected with the 
rotation of the earth on its axis) may be traced back to one 
common source, to the sun's rays of light and heat. The 
varying degree of heat of the different layers in air and 
water is the cause of all currents of sea and air, the storms 
and winds. Sailing vessels and windmills are moved by 
sunbeams. By using lip the kinetic energy of the sun's heat, 
vapour arises from the surface of water, and is raised to the 
higher layers of the atmosphere. If the vapour is condensed 
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in the colder upper regions, the kinetic energy of the waves 
of ether reappears as the kinetic energy of the falling rain- 
drops, or, when the raindrops collect, as the kinetic energy 
of flowing brooks and rivers. It is sunlight that reappears 
in the sparks from the millstone ; it is the sun's heat which 
issues from the glowing hammers and saws, wheels, axles, 
and rollers of all machines set in motion by water. 

We now come to the question of the forms of energy 
and motion which are met with in vital processes. We 
have seen that the plant is always taking up carbonic acid 
and water, separating the oxygen from these compounds, 
and thereby forming other compounds poorer in oxygen and 
with a great affinity for oxygen. There is thus a large 
reserve of chemical potential energy stored up in the plant. 
By combustion of the plant, by reunion of its constituents 
with oxygen, we can convert this potential energy into heat, 
and the heat, by means of steam-engines, into mechanical 
work. Now, what is the source of this chemical potential 
energy ? It cannot have originated from nothing. Force is 
eternal. But no potential energy is conveyed to the plant 
by its food. Carbonic acid and water are fully oxidized 
compounds ; they cannot produce movement, any more than 
the stone lying on the ground. Not till the stone is raised 
by the employment of kinetic energy, can it fall down; and 
not till the oxygen is separated fron^ the carbon and hydrogen 
in the plant, by the employment of kinetic energy, can 
chemical potential energy arise in it, to be converted into 
light and heat and mechanical work. The force which effects 
the separation of the oxygen in the plant is, again, nothing 
but sunlight. We know that the plant liberates oxygen only 
CO long as sunshine reaches it, and that the amount of 
oxygen set free varies in proportion to the intensity of the 
hgbt. This maintenance of the proportion was proved by 
Wolkoff * by the following simple experiment. 

 Al. voo. Wolkoflf; Jahrh.f. wissmiach, Botanik., Yol. v. p. 1: 1866. 

X> 
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Wolkoff counted the gas-bubbles which arose from water- 
plants when the rays of the sun, conducted through a flat 
piece of ground glass, were allowed to fall upon them. The 
water-plants were in a glass Tessel, which could be moved to 
any distance from the light as required. The intensity of 
the light is well known to be in inverse proportion to the 
square of the distance from the point of light. Wolkoff found 
that the number of oxygen-bubbles was increased and 
diminished in simple proportion to the intensity of the light. 

Van Tieghem* obtained the same result when he tried 
the experiment with artificial light. The number of gas- 
bubbles from the water-plants diminished as the square of 
the distance from the candle. 

There can be, therefore, no doubt that all the potential 
energy of vegetable substances is converted sunlight. It 
is sunlight that reappears in the fire of burning wood. It is 
sunlight that gives us light in the form of gas-jets and 
petroleum flames. The gaslight which at this moment 
illuminates us, has shone on our earth before, millions and 
miUions of years ago ; it has lain dormant in our earth for 
millions of years, and reappears again at this moment. The 
whole immense store of force which lies in the vast coal 
strata, which sets all machines and locomotives in motion, 
is only the fixed kinetic energy of sunlight which was once 
shining upon the luxuriant vegetation of the prehistoric 
world. 

The substances formed by plants serve as food for animals. 
The oxygen which is liberated from the water and carbonic 
acid in the plant by the kinetic energy of sunlight, is in the 
animal body again united with compounds that are deficient 
in oxygen, and the ultimate products of this combination are 
again given off as carbonic acid and water, the same simple 
substances which serve the plant as food. The chemical 
potential energy of nutrition is thus used up. But, as no 

*■ Yan Tieghem, Compi. rend., t. Ixix. p. 482 : 1869. 
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force can perish, we must expect to find an equivalent 
amount of other forces appearing in the animal body. And, 
indeed, we know that, firstly, all animals have a temperature 
higher than that of their surroundings, that they are thus 
continually producmg heat ; and that, secondly, they carry 
out movements, or perform work. 

The sum of the work executed by an animal, and of the 
heat which it gives out, must therefore be exactly equivalent 
to the chemical potential energy taken up in nutrition, and 
to the kinetic energy of sunlight used up in the production 
of this potential energy in the plant. 

The difficulties of obtaining precise experimental proof 
of this equivalence are very great. So far as the precision 
hitherto attained allows us to judge, direct experiments prove 
that such equivalence does exist ; that the amount of heat 
and work produced by an animal, expressed in units of heat, 
is equal to the amount of heat generated by the food-stuff of 
the animal when burnt outside the organism. 

The first experiment of this kind was carried out by 
Lavoisier * as early as the year 1780. The object was to 
prove that combustion is the sole source of animal heat, 
A guinea-pig was placed in an ice*calorimeter, and the 
quantity of water produced in ten hours, by the thawing of 
the ice, was measured. It amounted to 841*08 grms. The 
same guinea-pig was then put under a bell-jar over mercury. 
A current of air was passed through the bell-jar, and then 
conducted through caustic potash, which retained the carbonic 
acid. The amount of the latter was quantitively determined. 
The mean of several experiments showed that the guinea* 
pig in ten hours gave out 8-333 grms. of carbon in the form 
of carbonic acid. Lavoisier and Laplace had previously, by 
means of the calorimeter, determined the heat of combustion 
of carbon, and found that 3*333 grms. of carbon melted 326'75 

* Lavolrier et de la Place, M^moirei (!e VAcad, royale det SeienoeSy p. 359 : 
ann^e 1780. 
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grms. of ice. Were Lavoisier's hypothesis, that animal-heat 
arises from the combustion of the carbon in the food-stuffs, 
correct, the amount of heat or of ice-water found in the above 
experiment on an animal would necessarily be precisely as 
great as in the combustion of the carbon, provided the 
production of carbonic acid were the same in both instances. 
As a matter of fact, it was found thus — 

82676 ^ ^.gg 

841-08 

It was a mere chance that the numbers approximated each 
other so closely. Any one with our present knowledge, who 
criticized the experiment, would easily discover numerous 
sources of error. Indeed, its chief defects d!d not escape 
Lavoisier's penetration. He had already discovered that 
the whole of the oxygen inspired did not reappear in the 
carbonic acid exhaled, and he therefore assumed that the 
oxygen which had disappeared went to form water. Lavoisier 
had further observed that the temperature of the animal in 
the calorimeter was lower at the conclusion of the experiment 
than at the commencement ; that the animal therefore, during 
the progress of the experiment, partially lost its heat, which 
arose from combustion that took place before the experiment 
began, and which did not, therefore, correspond to the amount 
of carbonic acid exhaled during the experiment. For both 
reasons, the quantity of water produced by melting must 
be greater than what would correspond to the carbonic acid 
produced. 

The necessity for a more exc^ct repetition of Lavoisier's 
experiments was soon afterwards recognized by the French 
Academy; and in 1822 they offered a prize on the subject 
of the source of animal -heat. There were two competitors, 
Despretz and Dulong. The prize was awarded to Despretz, 
and his work appeared in the year 1824.* Dulong's work, 

* DespTetz, ** RecheicheB exp^rlmen tales snr les canses de la ohalenr anlmole : " 
Paris, 1824 ; also Ann. de ehim. et de phy$., t xxvi. p. 337 : 1824. 
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which was carried out on the same principle, was not printed 
till after his death.* 

Both experimenters made use of a water-calorimeter. The 
animal being in the calorimeter, atmospheric air was passed 
from one gasometer through the air-chamber immediately 
arotmd the animal, and collected in another gasometer. In 
this way the quantity of the oxygen used up, and carbonic 
acid formed, was determined. The latter did not correspond 
to all the oxygen consumed ; the excess of oxygen was sup- 
posed to have united with hydrogen to form water. The heat 
of combustion of hydrogen and carbon was calculated from 
the figures gi^n by Lavoisier and Laplace. The amount of 
heat estimated in this way was compared with the amount 
of heat produced in the calorimeter. Both Despretz and 
Dulong fotmd the amount of the former smaller than of the 
latter. In the experiments of Dulong, the number calculated 
amounted from 68*8 to 88*8 per cent, of the number found; 
in those of Despretz, from 74'0 to 90*4 per cent. 

Among the numerous sources of error in this calculation, 
the following maybe specially noticed : 1. The numbers given 
by Lavoisier and Laplace, which form the basis of the com- 
parison, are, as subsequent and more exact investigation has 
shown, too low. 2. The heat of combustion of the food- 
stuJEs is not equivalent to that of their component elements, 
but a little less, since a certain amount of kinetic energy is 
used up in the decomposition of these nutrient materials. 
8. The quantity of carbonic acid in the expired air must be 
too small, since the gas in the gasometer was confined over 
water, which would absorb some of the carbonic acid. 4. 
The time occupied by the experiment was much too short ; it 
was only two hours. The processes of combustion and the 
taking up of oxygen or elimination of carbonic acid are not 

* Ihilong, **VL4mxnxQ mcr la ohaleur animale/' Ann, de chim, et de phys, 
aer. iii t. i. p. 440 : 1841. See ako " Reoherches but la ohaleur, tiony^es dans 
lea papien de H. Dulong," Ann, de cftim el de phy$.^ s^r. iii. t. viii p. 180 : 
1843. 
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proportional in every short interval; only during longer 
periods is there an approximate correspondence. The quan- 
tities of oxygen and carbonic acid, and of the intermediate 
products of combustion contained in the tissues of the 
body^ vary greatly at different times. 

At a later period Gavarret* calculated the numbers 
obtained by Dulong and Despretz, and, by correcting certain 
errors, found the values 84*7 to 101*8 per cent., as a mean 
92*8 per cent. ; instead of the proportion of 74*0 to 90*4 per 
cent., as found by Dulong and Despretz. 

The movements of the animal whilst confined in the 
calorimeter must have been almost entirely converted into 
heat and observed as such ; they must have produced heat 
by the mutual friction of the parts moved, by the rubbing 
of the animal against the walls of its cage, and by the 
movements of the water in the calorimeter thus set up. 

Exact experiments such as could be made with our 
modern knowledge and modes of research have not yet been 
carried out. The results at present obtained suffice to prove 
that the law of the conservation of energy rules in the depart- 
ment of animal life. The temperature of our body, our move- 
ments, all our vital functions — so far as they are perceptible 
to our senses — are transmuted sunlight. 

We may now inquire into the relation borne by our 
psychical processes to the conservation of energy. Are all 
our feelings, emotions, instincts, ideas only converted sun- 
light, or must we assume that the world of the internal sense 
does not obey the great uniform law to which the whole world 
of the external senses yields constant and unwavering alle- 
giance? 

It is beyond doubt that there is a certain causal con- 
nection between psychical processes and certain material 
forms of motion in our bodies. Sensation is excited by a 
process of movement in the nervous system. A muscular 

 Gayairot, •* De la chaleur pioduite par lea fitreg viraiita : " 1855. 



CONSERVATION OF ENERGY. 39 

contraction is the result of an impulse of the will. But the 
question arises as to the nature of this causal connection. 
Is it really a causal connection of the same kind as the law 
of the conservation of energy demands^ that proportion should 
exist between cause and effect ? Or have we to deal with other 
kinds of causal connection ? 

Above all things^ we must sharply distinguish between 
an immediate cause and an ultimate cause, a distinction so 
necessary for the comprehension of physiological processes 
that I may be permitted to give one or two illustrations. It 
is usual to define the cutting through of a string by which 
a weight is held up, as the cause of falling. But the real 
cause is the work which has been performed in raising the 
weight. This is proportional to the kinetic energy of the 
faUing weight. If the lifting is effected by muscular force, 
the latter owes its origin to the chemical potential forces of 
food, which were originally derived from the kinetic energy 
of sunlight in the plant. If the falling weight strikes the 
grotmd, the energy of sunlight again makes its appearance as 
heat. All these forces, the kinetic energy of the sunlight, 
the chemical potential energy of food, the kinetic energy of 
muscular movement, the potential energy of the lifted weight, 
the heat produced by the falling weight, etc., are related as 
cause and effect ; they are proportional and equivalent — ^the 
same thing appearing in different shapes. The effect is the 
cause itself in a changed form. Gutting the string is only 
the immediate or exciting cause, the impetus which starts the 
conversion of cause into effect, of potential into kinetic energy. 
Between the exciting cause or '^ liberating force/' as it is also 
called, and the effect, there is no sort of proportion. The 
weight may be hung up by a string, and the latter cut through 
with a razor, or the same weight may be hung up by a rope, 
and the latter shot through by a cannon-ball — ^the kinetic 
energy of the falling stone remains the same. 

The movement of a locomotive is transmuted heat; the 
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heat is produced by chemical potential energy, by the affinity 
of the fuel for oxygen ; the chemical potential energy is the 
converted energy^ of sunlight. The kinetic energy of the 
moving engine is completely used up in overcoming friction* 
The heat which causes the movement of the locomotive 
appears again in the heated rails, wheels, and axles. It is 
the same heat which, as the heat of the sun, produced the 
chemical potential energy in the plant. The energy of the 
sunlight, the potential energy of the fuel, the heat of 
the furnace, the kinetic energy of the engine, the heat pro- 
duced by friction, are all proportional and equivalent ; they 
are identical.. The flame, which was used to light the fire in 
the furnace, is merely the exciting cause of the conversion of 
chemical energy into heat ; the amount of heat produced is 
totally independent of it. A single lucifer match may set 
fire to one pound or a thousand pounds of wood, or even to 
a whole forest ; but the heat produced is in proportion to the 
amount of chemical energy used up, and is entirely inde- 
pendent of the liberating force. 

In the case of a rifle, the pulling of the trigger constitutes 
the liberating force for converting the potential energy of 
the spring into the kinetic energy of the falling hammer. 
The energy of the hammer is converted into molecular move- 
ment, which again acts as a liberating force in causing the 
explosion of the percussion-cap ; this explosion acts as the 
exciting cause for the conversion of the chemical potential 
energy of the powder into the kinetic energy of the ball. 

In addition to the ultimate cause, and the exciting 
Qause, a thkd factor is generaUy required in the production 
of a definite result, which I will call the determining factor. 
In the last illustration, the determining factor for the pro- 
jection of the bullet is to be found in the fact that the latter 
is contained in the barrel of the rifle, and thus only able to 
pass in one direction. For the production of a definite 
movement, a certain arrangement of surrounding objects is 
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a necessary determining factor. We can then distingoish 
between three sorts of canses: the ultimate cause, the exciting 
cause, and the determining cause. 

It must be observed that in certain exceptional cases 
there is a certain proportion between the effect and the 
exciting cause. A well-known instance of this is seen in the 
drawing up of a sluice. The work performed in raising it is 
in proportion to the cross section of the falling current of 
water, and to the kinetic energy of the water. Nevertheless, 
the drawing up of the sluice is only the exciting cause which 
converts the potential energy of the quiescent water into the 
kinetic energy of water in motion. 

Similarly, if we have a number of weights hung up by 
strings of uniform size, the work done in cutting through the 
strings will be in proportion to their number, and conse- 
quently in proportion to the kinetic energy of the falling 
weights. And yet the cutting is only the exciting cause* 

We may now return to the question as to the relation 
between psychical and physical processes. 

The impulse of the will and muscular contraction 
certainly do not stand to each other in the relation of cause 
and eff^jot in the limited sense. The impulse of the will is 
merely the exciting cause. The ultimate cause is the 
chemical potential energy of the food which is used up in 
the muscle, and is therefore converted simlight. But the 
impulse of the will does not even afford the direct impetus 
for the conversion of chemical energy into the kinetic energy 
of muscle. There is probably a long chain of causes, such 
as processes in the brain, nervous system, and muscle, 
analogous to those shown to exist in the illustration of 
the rifle. 

The question as to the nature of the causal connection 
between stimulation of the senses and the sensations them- 
selves, is much more difficult to decide. Here there is 
undoubtedly quantitative proportion. The intensity of the 
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sensation increases with the strength of the stimulation ; bat 
is there any proportionate relation between the two ? 

We shall not be able to decide this question, so long as 
we possess no means of measuring the intensity of sensations, 
or of any other psychical conditions and processes; in the 
present state of human knowledge and of human intellect, it 
appears quite inconoeivable that such means should ever be 
discovered.* We are, therefore, unable to answer the question 
whether the manifestations of the soul follow the law of the 
conservation of force, and whether they are transmuted sun- 
Hght. 

I must note that there is probably, in the afferent and 
central organs, a chain of processes intervening between 
stimulation and sensation, as there is between will and 
muscular action. We are quite unable to decide whether 
the last form of motion, which reaches the brain as the 
result of stimulation, is converted into sensation, or only 
serves as an impulse originating sensation, possibly from 
chemical potential energy. It is conceivable that an entirely 
new and particular kind of causal connection may be at 
work in this case. 

The theory has, nevertheless, often been advanced that 
there is an exhaustion of chemical potential energy, of food- 
substances, corresponding to the performance of psychical 
functions. People have even tried to prove experimentally 
that intellectual exertion has an influence on change of 
tissue, as shown by the amount of excretions. All these 
experiments fail on account of the impossibility of measuring 
intellectual exertion, of even deciding whether it was greater 

* Eeohner (*'Elemente der Psychophyaik : *' Leipzig, 1860X taking Weber's 
law as his starting-point, (yiz. that the increase of stimulation must grow in 
proportion to the stimulation already existing, in order to produce a scarcely 
perceptible increase of sensation), arrlYes at the conclusion that sensations are 
proportionate to the logarithm of the stimulation. Attention has frequently been 
drawn to the fact that the assumed equality of the scarcely perceptible increases 
of sensation, upon which the computation is founded, is purely arbitrary. This 
is not the place to enter more folly into this subject. 
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or less. A man who shuts himself up in a dark room, with 
the intention of keeping his mind a blank, may involun- 
tarily exercise it more than if he were to sit down to his 
books with the intention of exerting all his intellectual 
faculties; besides, we ought to take into consideration the 
emotions, which probably far exceed all mental exertions in 
the expenditure of energy, and which we cannot call into 
play or dismiss at will. 

We must consider, moreover, that the weight of the brain 
is less than 2 per cent, of the weight of the body, and that 
only a portion of the brain is employed in mental func- 
tions. Even if the metabolism of this organ were, by higher 
psychical activity, promoted to the utmost, we could not 
expect to recognize this fact in an increase of the total 
metabolism. Even if it could be distinguished, we should 
not be justified in concluding that the work of the mind 
was converted potential energy. The connection might be an 
indirect one. 

With a knowledge of this point of view, the beginner will 
be in a position to peruse critically the works* that have 
appeared concerning the influence of mental work on meta- 
bolism. 

In recapitulating the main features of our previous 
remarks, the following contrasts strike us in the changes 
that animal and vegetable substances undergo : — 

1. The plant forms organic substances; the animal 
destroys organic substances. The vital process in the plant 
is synthetic, in the animal analytic. 

2. The life of the plant is a process of reduction ; the 
life of the animal a process of oxidation. 

8. The plant uses up kinetic energy and produces 

* BoBcker, Beitr, t, Beilkunde : 1849 ; Ebmmond, Amer, Journal of Mediocd 
Science$y p. 830: 1856; Sam. Hanghton, Dublin Quarterly Journal of Medieal 
Science, p. 1 : 1860 ; J. W. Patou, Journal of Anatomy and PhytioLy vol. y. p. 
296: 1871; LiebermeUter, Handb. d, Pathol, u. Therap, des FUhers, p. 196: 
Leipzig, 1875 ; Speck, Archf exper. Path, u. Pharm,, vol. zv. p. 81 : 1882. 
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potential energy; the animal uses up potential energy and 
produces kinetic energy. 

But ** nature takes no leaps." In morphology, no definite 
demarcation can be drawn between plants and animals; in 
the same way, the contrast between them disappears, when 
we examine the two kingdoms in relation to the conversion 
of energy and metaboUc processes which they exhibit. 

There are unicellular beings, without chlorophyll, such 
as fungi and bacteria, which are incapable of assimilating 
the carbon of carbonic acid. It must be brought to them 
as an organic compound, as sugar, tartaric acid, etc. Here 
they resemble animals. But they can assimilate nitrogen 
in inorganic compounds, as ammonia and nitric acid ; here 
they resemble plants. The fungi and bacteria, which cause 
fermentation and processes of decomposition (see Lecture X.), 
use up chemical potential energy and develop kinetic energy, 
heat and movement ; again behaving like animals. But by 
synthesis they form albumen from ammonia and sugar, 
thus again behaving like plants. In our future observations, 
we shall see that in every cell, even of the most highly 
organized animal, syntheticjprocesses occur side by side with 
processes of decomposition, as they do in the cells of plants. 
Within the rigid cellulose-wall of every vegetable cell is a con- 
tractile protoplasmic body which breathes and performs 
*' active" movements like every animal. In every part of 
a plant, oxygen is used up and carbonic acid produced, as 
in every animal ; only that, in the parts of the plant which 
have chlorophyll, this process of oxidation is hidden by the 
more powerful process of reduction. But even this only 
takes place so long as sunlight shines upon those particular 
parts. In the dark, the parts of the plant containing 
chlorophyll breathe like animals ; the parts without chloro- 
phyll do so in the sunlight as well. 

The contrast disappears, however, still more completely 
in certain highly organized phanerogams, so-called para- 
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sites, which do not possess chlorophyll, and which derive their 
nonrishment from the organic substances formed by other 
plants. The Monotropa, for instance, is, in morphological 
structure, a Pyrolacea, but, in its metabolism, it is an 
animal. 

On the other hand, there are animals which contain 
chlorophyll Certain worms (FlanarisB) and Ooelenteratas 
{Hydra viridis) have chlorophyll-granules, seek sunlight, and 
give off oxygen in the light, but soon die if kept in the 
dark.* It has, however, been more recently shown by Geza 
Entz t ftnd Earl Brandt t that the chlorophyll-granules are 
not free in the tissues of the above-mentioned animals, but 
are enclosed in unicellular algaa, which live in these animals 
as ** symbionta." § But the chlorophyll-granules in plants 
may be likewise only symbionta. So far it is certain that 
they never arise in the tissues of plants in any other way 
than by division of other chlorophyll-granules already 
there. II Besides this^ Engelmannlf has shown that certain 

* p. Gkddes, CkmpL rend., t. Ixxxvii. p. 1095: 1878; and Proe* Boy. 8oc., 
Tol. xxTiii. p. 449 : 1879. 

t G^za Entz, Ueber die Katar der *'Ghlorophyllkorpercben*' niedeier 
Tbicre, Biolog, CeninMaU, Yol. 1. No. 21, p. 646 : January 20, 1882. 

X Karl Brandt, VerK d. phytioL OeseXUdh, : Berlin, NoTember 11, 1881 ; 
Biolog. CetUraXblati, yoL i. No. 17, p. 524 ; Arch, /. Anat, u, Physiol., p. 125 : 
1882 ; MiiiheUungen a. d, Zoolog. Station zu Neapel, vol. iy. p. 191 : 1883. 

§ The term *' symbionta " is applied to those parasites which do no harm to 
their hosts, each being of mutual assistance to tiie other. A known instance 
of symbiosis oocnrs in the relationship between algSB and fnngi in the thallas 
of herpes (Fleehtea thaUus}, disooyered by Schwendener (N&geli's Beitr. z. 
fn$$en9ch. BoL, heft ii, iil., and iy. : Leipzig, 1860-68). The more recent disooyery 
of nnmeroQS examples of symbiosis is nndoubtedly an acquisition of the greatest 
importance in eyery branch of physiology. The name '* Symbiosis" was intro- 
duced by De Bary, *'Die Erscheinung der Symbiose," Yortrag, Strasbourg: 
Trilbner, 1879. An interesting account of the literature of this subject will be 
found in O. Hertwig's ** Die Symbiose oder das Genossenschaftsleben im 
Thieneich,*' Yortrag : Jena, 1883. 

II Arthur Meyer, "Das Chlorophyllkom," p. 55: Leipzig, 1883; A. P. W. 
Bchimper, JahrhileKer fOr m$8«n9ch, Botanik, yol. yi. p. 188 : 1885. An account 
of the earlier liierature of the subject will be found here. 

f Th. W. Engelmann, PfliigePs Arch,,' yol. xzxii. p. 80 : 1888. The method 
employed by Engelmann to proye the occurrence of oxygen, was peculinr. It 
was based on the fact that certain bacteria, eager for oxygen, swarm round the 
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infusoria, VortioellaB, contain chlorophyll diffused in their 
plasma, which likewise gives off oxygen in sunshine. 

It follows that a complete antithesis between interchange 
[! of force and matter in animals and plants does not exist ; * 

and it will be henceforward impossible to separate the 
physiological chemistry of the vegetable from that of the 
animal world. The more our knowledge of each section of 
science advancesi the more the two become fused together. 

cells contaiiung chlorophyll. Oompore the earlier and highly interesting treatises 
of Engelmann in Pfliiger's Arch,, vol. zry. p. 285 : 1881 ; yoL zxyi. p. 537 : 
1881 ; Yol. xxyiL p. 485 : 1882 ; and vol. xxx. p. 95 : 1888. 

* Gomp. 01. Bernard, '* Le^ns snr les ph^nom^nes de la vie, communs aux 
animanx et anx v^tanx : " Paris, 1878. 
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LECTURE IV. 

HUMAN NUTRITION — ^DEFINITION AND CLASSIFICATION OF FOOD-SUB- 
BTANCBS^BGANIO FOOD-STUFFS — ^ALBUMEN AND GELATIN. 

OuB observations up to this point have shown us that the 
constituents of our body are subject to a constant circulation, 
to uninterrupted change. The materials which we take into 
our body to replace the loss which is always going on in this 
circulatioUi are called food-substances. This is the defini- 
tion of the term food-substances which is still met with i^ 
most text-books. But this definition is incomplete; it does 
not cover the whole meaning of food-substance; it dates 
from the time before the law of the conservation of energy 
was discovered. According to this definition, water would be 
the most important food-stuff, for our body contains 68 per 
cent of water, which is consttptly being given off by the lungs, 
the skin, and the kidneys ; and this loss can only be replaced 
by the introduction of a fresh supply. The rudest form of 
empiricism, untutored common sense, is opposed to this in- 
terpretation, as no one would think of calling water ** nutri- 
tious." Now, why is water not nutritious ? For the simple 
reason that no potential energy is conveyed to the body by 
water. Water is a saturated compound ; it as little produces 
movement as a stone lying on the ground. The stone cannot 
faU till it has been raised from the ground by the employ- 
ment of kinetic energy ; and not until the atoms of oxygen 
have been separated firom the atoms of hydrogen and car- 
bonic acid by the kinetic energy of sunlight, is the plant 
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enabled to store up that potential energy which gives rise to ^ 
all the forms of kinetic energy contributing to animal life. ;^ 

We shall, therefore, include under the term ** food-stuffs " "- 
those substances which are a source of energy in the body, ^. 
as well as those which replace the lost constituents of the ^ 
body. There are substances in our food which never become ^ 
integral constituents of our tissues, but which go to form a .^^ 
source of kinetic energy. To these belong the organic acids >^ 
so widely diffused in vegetable food, such as tartaric aoid,^ 
citric acid, and malic acid, which are never concerned in the 
formation of the tissues, but are burnt up to form carbonic 
acid and water, with the liberation of kinetic energy, which 
might be used for the performance of normal functions. To 
these we may perhaps add the carbohydrates, which like- 
wise do not appear to be employed in the building-up of 
tissues, although we know for a fact that they are the prin- 
cipal source of muscular work. Hence they are always 
circulating through all the organs of the body in the plasma 
of blood and lymph. They are, indeed, also found deposited 
in the tissues in the form of glycogen, but these deposits 
cannot be regarded as integral constituents of the living 
tissues ; they are only stores of potential energy which dis- 
appear during muscular work; they are as little parts of 
our organism ad coal is a part of the steam-engine. The 
gelatin-yielding substances in our food, glutin, ohondrin, 
ossein, likewise serve only as sources of energy, and never 
assist in repairing the waste of tissue. The collaginous sub- 
stances of our tissues are not formed from the collaginous, 
but from the proteid constituents of food. But the gelatins 
in food are, as a matter of fact, split up and oxidized ; they 
produce kinetic energy. 

Inspired oxygen must also be reckoned among the food- 
stuffs. It is the only one which enters our tissues as a free 
element. It never becomes an integral constituent of our 
tissues, unless the loosely combined oxygen in the oxyh^amo- 
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globin of the blood-corpasoles may be considered so, but it 
ia the most productive sonrce of energy. 

We have, therefore^ to distinguish three classes of food- 
snbstances : 

1. Those which serve as sources of energy, and which 
can replace the exhausted constituents of the body. To this 
class belong proteids and fats. 

2. Those which serve only as sources of energy. To this 
class belong carbohydrates, gelatins, oxygen. 

• 8. Those which serve only to repair the waste of tissue, 
and not as sources of energy. To this class belong water 
and the inorganic salts. 

Our knowledge is at present too limited to permit of our 
giving a satisfactory and sharply defined classification of 
food-stuffs. 

When a substance is split up and oxidized in our body, 
we do not know whether the kinetic energy hereby set free 
is really used up in the performance of normal functions, or 
whether it is given out as superfluous heat. In the latter 
case, the substance could not be regarded as a nutrient 
material, as it would be of no possible service to our or- 
ganism. Alcohol may perhaps be cited as an example of 
this. In order to be of use in the performance of a normal 
function, a substance must split up and be consumed at the 
right time, at the right place, in a definite tissue. But we 
are not yet in a position to follow out the course of the sub- 
stances taken up, so closely as this. 

It must, moreover, be borne in mind that certain sub- 
stances, belonging to the second division, may indirectly 
assist in the building-up of cells, by protecting the sub- 
stances of the first class from decomposition and oxidation. 
Fats sometimes come under the first, and sometimes under 
the second heading ; for, besides serving as stores of energy 
in the tissues, they are of great use in another way. The 
carbohydrates havcj.as we shall see, the power of changing 
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into fats in the animal body^ thus coming into the first 
instead of the second class. In short, the division is merely 
provisional. 

We will now consider the separate groups of food-stuflfs 
in somewhat greater detail, beginning with proteids. 

Pboteids may be regarded as the most important food- 
stuffs, in so far as they are the only organic food-substances 
of which it can with certainty be affirmed that they are 
indispensable, and that they cannot be replaced by any 
other nutrient material. They are to be found in every 
animal and vegetable tissue; they form the chief part of 
eyery cell; they are never absent from any vegetabl e or 
animal food. 

The various kinds of albumen) which occur in the different 
animal and vegetable tissues offer great differences in their 
chemical and physical properties. The question is, therefore, 
what is included under the name of proteid ? Does it corre- 
spond to a clearly defined group of bodies ? What have all 
varieties of proteid in common, and what distinguishes them 
from all other organic substances ? 

First, all proteids resemble one another in being com- 
posed of the same five elements, in proportions of weight not 
very remote from each other, and which vary within the 
following limits, according to the analyses hitherto made of 
the different kinds of albumen : — 



Cftrbon 


. . 50*0 to 55*0 per cent 


Hydrogen 


6-6 „ 7-3 „ 


Nitrogen 


. . 150 „ 19-0 „ 


Snlpbnr 


.. 0-8 „ 2-4 „ 


Oxygen 


. . 19-0 „ 24-0 „ 



Secondly, all proteids are alike in never occurring in true 
solution. Numerous clear liquids, containing proteids, are 
found in plants and animals, or may be artificially produced. 
But the fact that the proteid does not diffuse through animal 
membranes, proves that it is not really dissolved in. these 
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liquids. The substances that are thus only apparently soluble 
have been termed * ' co lloids " by Graham.* 

If a solution of sodium silicate be poured into a vessel 
containing a large excess of dilute hydrochloric acid, the 
silicic acid thus set £ree>emains apparently dissolved. By 
dialysis, the sodium chloride thus formed and the excess 
hydrochloric acid may be got rid of, when a clear solution 
of pure silicic acid will remain in the dialyser. The silicic 
acid may amount to 14 per cent, of the solution without 
its becoming thick and turbid ; it is readily poured out. But 
a few bubbles of carbonic acid passed through this solution 
suffice to coagulate the silicic acid, which separates out as 
a gelatinous mass.f Grimauxt prepared a 2*26 per cent, 
solution of silicic acid, which was more stable, and which did 
not clot either in cold or upon warming, when carbonic acid 
was passed through, but did so when heated after the addition 
of common salt or of Glauber's salt. 

The hydrate of alumina is soluble in a watery solution 
of aluminium sesquichloride. If such a solution be placed 
in the dialyser, the chloride diffuses out, and the solution 
of pure alumina remains in the dialyser as a clear, readily 
transferable fluid. This solution coagulates as soon .as a 
small quantity of any salt is added. A 2 or 8 per cent, 
solution of alumina can be made to clot by the addition of 
a few drops of spring water; it coagulates when poured 
from one glass into another, unless the glass has, immediately 
before, been washed out with distilled water. § 

In a similar way as with the alumina, oxide of iron may 
be obtained as a clear blood-red apparent solution which is 
also very prone to coagulate. || 

Grimaux found that an ammoniacal solution of oxide of 

* Th. Qraham, ThUowph, TraM.y vol. clL part i. p. 183 : 1861. 

t Graham, loe, eU^ p. 204. 

X Ghrimaux, Compt. rend.^ part xoviii. p. 1437 : 1881. 

§ Graham, loe. dt., p. 207. Graham, loc. cii,, p. 208. 
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copper also behaves like a colloidal substance, that it does 
not diffuse, and that it coagulates on dilution with water, 
on the addition of magnesium sulphate or of dilute acetic 
acid, or when exposed to a temperature of from 40^ to 

Many organic, as well as these inorganic colloidal sub- 
stances, and all proteids, have the property of appearing in 
two forms, ill apparent solution or in a coagulated form. 
The conditions, under which the albumens pass from one 
modification to the other, are very varying, and offer a 
method of classifying and distinguishing the many different 
kinds of proteid.f Some of them may, under appropriate 
conditions, be kept in solution by water alone; to these 
proteids belong serum-albumen and egg-albumen. Other 
kinds of proteid require the addition of alkaline chlorides 
in order to dissolve them ; such are the globulins which 
are'^und in the blood, in muscle, in the yolk of egg, and 
probably in the protoplasm of every cell. If blood-serum 
ii^fpuim a dialyser, the salts which hold the serum-globulins 
Mn 'solution diffuse out, and the globulins separate on the 
"^ dialyser as finely fiocculent coagula, but the serum albumen 
remains, dissolved in the pure water. J There are other 
varieties of albumen which cannot be held in solution by 
alkaline chlorides, but only by basic alkaline salts, in which 
case saturation of the alkalies with acids causes coagulation. 
The casein of milk and the artificial alkali-albumens belong 
to this category. Lastly, we come to the proteids which 

• Grimaux, he. cit.^ p. 1435. 

t A complete enumeration of all kinds of albumen and their diatingolshiag 
reactions woald, I fear, weary the beginner, so I will refer him to the article 
** Eiweisskorper " (Proteids), in Ladenbnrg's HandwOrterbuch der Chemie. In 
this arlicle B. Drechsel has given a Tery complete description and classification of 
the varieties of albumen, with a careful account of the literature of the subject 
(249 treatises). 

t Aronstein, ^'Ueber die DarateUung salz&eier Albuminloeungen," Dissert. : 
Dorpat, 1873 ; and Pfl&ger's Arch,, vol viii. p. 75 : 1873. See also A. E. BUrck- 
hardt, Arch, f. exper. Path. u. Pharm,, ToL xvi, p. 322 : 1883; and O. Kauder 
ibid., vol. XX. p. 411 : 1886. 



^ 



HUMAN NUTRITION — PROTEIBS. 53 

are so prone to coagulate, that they do so as soon as life 
is extinct in the tissues to which they belong. The coagu- 
lation of the blood and the phenomenon of muscular rigidity 
after death are connected with this fact. It even appears 
that these kinds of spontaneously coagulable albumen exist 
in every animal and vegetable cell. All proteids, without 
exception, pass from the soluble into the coagulated modifica- 
tion by exposure to the boiling-point, provided they have a 
neutral or weakly acid reaction, and if neutral alkaline salts 
be present in considerable quantities. Silicic acid and many 
other colloids, as Already stated, act in the same manner. 

Concerning the inorganic colloidal substances, we know 
that besides occurring in these two modifications, they also 
appear in nature in a third, viz. the crystalline form : 
silicic acid as rock-crystal, alumina as corundum and ruby, 
oxide of iron as specular iron ore. 

This fact justifies us in hoping to obtain proteids likewise 
in a crystalline state. Not until we succeed in so doing, 
shall we be in a position to determine their chemical indi- 
viduality, and to ascertain and compare their composition. 
The. analysis and examination of pure proteid crystals and 
of all their products of decomposition, would form the key-note 
of physiological chemistry. 

Histologists have long been on the track of crystalline 
albumen. Under the microscope may be seen embedded in 
the seeds and glands of certain plants, little granules which 
have the appearance of incompletely formed crystals, and are 
therefore termed crystalloids, or aleuron-crystals. Similar 
structures may be seen in the yolk of egg of many animals, 
the so-called yolk-plates. By mechanical means, such as 
shaking the finely .chopped materials with ether and other 
liquids, by washing, filtering, etc., these crystalloids may 
be isolated and obtained in considerable quantities. They 
give albuminous reactions, which prove them to belong to 
the above-mentioned group of globulins : they are soluble in 
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a solution of common salt.* Maschkef has succeeded in 
recrystallizing the crystalloids of the para nut {BerthoUetia 
excelsa). They dissolved in water at from 40° to 50° C, and 
the albumen separated out into crystals upon concentration 
of the solution. Schmiedeberg t obtained crystalline com- 
binations of the same proteid with alkaline earths, the 
crystalloids being mostly soluble in distilled water at from 
80** to 85° G. When a stream of carbonic acid is passed 
through the clear filtered solution, globulin is precipitated. 
If this precipitate is treated with magnesia and water, the 
magnesia compound of the globulin is dissolved. From 
this solution, when concentrated at from 80° to 85° C, the 
magnesia compound of the globulin is separated out as 
well-formed peculiarly glistening polyhedral crystals, of the 
size of poppy-seeds. If a little calcium chloride of barium 
chloride be added to the solution before concentration, we 
obtain the calcium and barium salts of the globulin in fine 
crystals. 

The fact that these crystals are not free albumen, but 
compounds of proteid with substances of known atomic 
weight, enables uS, greatly to our advantage, to make an 
exact analysis of this combination, and thus determine the 
molecular weight of the albumen. 

DrechBel§ found 1*40 per cent. MgO in the crystals of 
the magnesia compound, which he obtained according to 
Schmiedeberg's method, drying them at 110° C. From this, 
the molecular weight of the albumen has been reckoned : 

X 100 ~ 1-40 ^^„ 

i0 = -T4— '• - = 2817. 

By the following alteration in Schmiedeberg's method, Drech- 

• Th. Weyl. ZeiUehr. f. phynoL Chem^ vol. i p. 84 : 1877 ; containing also an 
acconnt of the earlier literature of the enhject. 
t O. Masohke, Botan, Zeitg,, p. 441 : 1859. 

X O. Sohmiedeberg, Zeit$ohr.f, phyuiol, Cliem,, vol. i. p. 205 : 1877. 
§ E. Dreohael, Jowm. f. prakt, Chem, N. F^ vol. xix. p. 331 : 1879. 
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sel succeeded in more perfectly crystallizing the magnesium 
compound. Instead of concentrating the solution, he intro- 
duced it into a dialyser, which he placed in absolute alcohol. 
In proportion as the alcohol took the place of the water, 
crystalline granules continued separating out of the solution* 
The determination of the magnesia in the crystals dried at 
110° C. gave 1'4S per cent. MgO, or nearly the same as in 
the first preparation. The molecular weight of the proteid 
thus calculated is 2757. On the other hand, the amount of 
water varied in each preparation, the first yielding 7*7 per 
cent., the second lS-8 per cent, of water, both at 110° C. 

By a similar method, with the alcohol dialyser, Drechsel 
succeeded in producing a sodium compound of the same 
globulin. At 110° G. this yielded 15*5 per cent, of water, 
and contained in a dry state 8*98 per cent. Na20. From 
this the albumen molecule is found to be equal to 1496, or 
nearly half as great as in the calculation from the magnesium 
compound. If the smaller molecular] weight be accepted, we 
must conceive that a bi-valent atom of magnesium links two 
molecules of albumen. If we accept the double weight, the 
molecule must contain two hydrogen atoms, which are replaced 
by sodium atoms. The amount of incinerated albumen was 
much too small to allow of an exact estimate of the molecular 
weight. The absolute amount of the MgO weighed 0*0050 
and 0*0065 grm. ; that of the NagGOs weighed 0*0773 grm. 
It would be of great interest to determine with accuracy the 
relation of sulphur to sodium by a series of careful analyses, 
in which large quantities of albumen were incinerated. Sup- 
posing that no whole number of sulphiur atoms went to one 
atom of sodium, but a whole number and a fraction, then 
the denominator of the fraction would have to be multiplied 
by the equivalent of the albumen molecule, calculated from 
the proportion of sodium. No one has hitherto been found 
to undertake such a troublesome experimient, and we there- 
fore know nothing concerning the size of proteid-molecules« 
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The most thorough investigations upon proteid-crystals 
have been carried out by G. Griibler,* under DrechseFs 
guidance. They succeeded in recrystallizing the crystalloids 
of pumpkin-seeds, by preparing at 40° C. saturated solutions 
of globulin in salt solutions, such as sodium chloride, ammo- 
nium chloride, magnesium sulphate, from which the albumen 
separated out in crystals on very slow cooling. These crys- 
tals were regular octahedra, and when incinerated left only 
0*11 to 0'18 per cent, of ash, which consisted of alkalies, 
lime, magnesia, iron, and phosphoric acid. When incine- 
rated with potash, 0*23 per cent. P2O5 was obtained. 

The elementary analysis of Griibler's proteid-crystals 
gave the following mean, obtained from a series of analyses 
which agreed well with each other : — 





Proteid-crysulii tnm 

sodlnm chloride 

solution. 


Proteid-oTBtaU from 

ammoDiQin chloride 

Boluiion. 


Proield-crysUls from 
magneslam nilpbate 

BOlUtlOQ. 


Carbon 


53-21 


63-55 


53-29 


Hydrogen . . 
Nitrogen . . 
Salphur 


722 

19-22 

107 


7-31 

1917 

116 


6-99 

18-99 

113 


Oxygen 

Abq 


1910 


18-70 


19-47 


018 


Oil 


013 



Griibler has also produced a crystalline combination of the 
same proteid with magnesia : the crystals separating out on 
slow cooling of a solution (obtained at 40"^ C.) of albumen 
and magnesia in water. The crystals showed the following 
composition : — 



Carbon . . 

Hydrogen 

Nitrogen 

Solphur 

Oxygen 

Ash • . 

HgO .. 



Dry matter. 


Hatter fr^ from ash. 


52-66 . . 


. . 52-98 


7-20 . . 


. . 7-25 


18-92 .. 


. . 18-99 


0-96 . . 


.. 0*97 


19-74 . . 


. , 19-81 


0-52 




0-45 





* O. Grttbler, " Ueber ein krystalUnisohes Eiveias der KUrbissamen," Jbtum. 
/• jprakt. Chem., Tol. xxiil p. 97 : 1881. 
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The following formula for the magnesium compound of 
globulin may be made out from the percentage composi- 
tion : — 

Cii7oHi92oN3eQ033288Mg3. 

It is to be regretted, in this analysis, that the quantity of 
incinerated albumen was again far too small for an exact 
estimate of the magnesium and sulphur. The absolute 
weight of the barium sulphate was 0'0521 grm., that of the 
pyrophosphate of magnesia 0*0166 grm. 

If we assume the presence of only one atom of magnesium 
in the magnesium compound, as Griibler did in his computa- 
tion, then the size of the molecule would be 8848. But our 
calculation shows that for each atom of magnesium we must 
claim 2§ atoms of sulphur. 

x^_q;96. _8 
40 ■"0-45' ^""S* 

The molecule of the magnesium compound must therefore be 
taken as three times larger. It is conceivable that the three 
bi-valent magnesium atoms may link four albumen molecules, 
and that only two atoms of sulphur are contained in each. 
Every albumen molecule would then have the following com- 
position : — 

CawH^ajNgoOasSa. 

From this point of view, we attain to the smallest molecular 
weight of which analysis admits. But this supposition is 
quite arbitrary, and the molecular weight probably a multiple 
of that calculated. 

Bitthausen,* adopting the method of Drechsel and Griibler, 
produced crystalline proteid from hemp and castor-oil seeds. 
The elementary analysis gave the following percentage com- 
position : — 

* Bitthaiuen, Jwm,f. prakt. Chem. N, F., vol. zxv. p. 130 : 1882. 
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Olobnlin from Globulin from 

hempseed. ctftor-oU seed. 



Carbon 50*92 

Hydrogen 6-91 

Nitrogen 18-71 

Snlphur 0*82 

Ash Oil 

Oxygen 22-58 



50-85 
6-97 

18-55 
0-77 
0-057 

22-80 



HsBmoglobin, the red colouring- matter of the blood, also 
belongs to the proteid compounds capable of crystallization. 
This substance forms the chief constituent of the red blood- 
corpuscles, and is the compound of a proteid with a body of 
known composition containing iron, called hsBmatin. An 
exact analysis of completely pure hsBmoglobin crystals has 
been carried out by Zinoflfsky,* who went on recrystallizing 
the hsBmoglobin crystals, obtained from horse's blood, until 
the dry residue of the solution showed the same amount of 
iron as the dry crystals. The elementary analysis of these 
crystals yielded the following results : — 

Carbon 51-15 

Hydrogen 6*76 

Nitrogen 17-94 

Snlphur 0-389 

Iron 0-S36 

Oxygen 23-425 

The relation of the sulphur atom to the iron atom may, 
from Zinoffsky's analysis, be calculated thus : 

5;82^0:88?0 ^^^.^g. 
66 0-8868 

Exactly two atoms of sulphur combine with one atom of iron, 
and the formula of the hsBmoglobin is found to be — 

If the molecule of the hsBmatin, CsaH3aN404F6, be subtracted, 
the formula of the proteid is obtained : 

C68oHK)^N2ioSa0241 • 

* O. Zinoffsky, «< Ueber die Groese des Hamoglobinmolekais," Dissert. : 
Dorpat, 1885 ; reprinted in the Znttchr. /. j^ytioL Chem,^ Tol x. p. 16 : 1885. 
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A. Jaquet * found that exactly three atoms of sulphur go to 
one atom of iron^ in the hsBmoglobin of dog's blood. The 
analysis gave the formula : 

CTBsHiaosNiflsSaFeOais. 

After subtraction of the haematin, it is : f '^ ^^^ /tO^ ^ 

The calculation is not quite exact, because the splitting up of 
the hsBmoglobin into albumen and hsBmatin only occurs by 
the absorption of water and oxygen.f A few hydrogen and 
oxygen atoms must therefore be added to the above proteid 
formulsB. Nevertheless they are, perhaps, the most exact 
that have been computed from the proteid analyses hitherto 
made, and may serve for present guidance. 

Hamack | has produced and analyzed a proteid combina- 
tion which, though amorphous, is probably pure. Hamack 
precipitated neutral solutions of egg-albumen with solutions 
of copper, and obtained the noteworthy result that, although 
the quantitative relation of the albumen and of the copper 
salt varied greatly, yet in the precipitates, the albumen com- 
bined with the oxide of copper was only found in two perfectly 
definite proportions. The precipitates contained either from 
1-34 to 1*87, a mean of 1*85 per cent. Gu, or from 2*66 to 2*68, 
a mean of 2*64 per cent. Gu ; in one case, therefore, exactly 
twice as many copper atoms as in the other. 

The complete elementary analysis gave a mean from a 
series of estimates agreeing well with each other : 

L II. 

Carbon 52-60 .. .. 61-43 

Hydrogen 7-00 ., .. 6-84 

Nitrogen 16-32 .. .. 16'34 

Sulphur 1-23 .. .. 125 

Copper 1-35 .. .. 2-64 

* Alfred Jaqnet, *• Beitr . z. Eenntmas des BlutftirbBtoffeB,*' Diasert : Basel, 1889. 

t Conoeming this, see Max Lebensbannit Wien, ^txungsber, vol. xov. part ii. 
March No., 1887. In this work, carried oat in Berne under Nenoki's direction, 
there is also an account of the earlier literature on the splitting up of hsamoglobin. 

X S. Hamack, ZeiUehr.f, phytkL Chem,, voL t. p. 198 : 1881. 
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According to the first analysis, the relation of the sulphur 
atom to the copper atom may be calculated as — 

a:-32 128 



63-4 1-85 



X = 1-805. 



The second analysis makes x = 0*988. In these analyses^ 
also, the incinerated residue was much too small to allow a 
determination of the copper and sulphur.* A more exact 
estimate of these elements is urgently required. From his 
analyses, Hamack reckons the formula for the first com- 
bination : 

Loewt has produced two silver compounds of egg-albumen, 
which correspond to Harnack's copper compounds : one con- 
tained from 2*2 to 2*4 per cent. Ag, the other a mean of 4*8 per 
cent. Ag. Taking Hamack's figures for the amount of copper, 
the silver equivalent may be computed = 2*8 per cent, and 
4*5 per cent. These facts go to prove that Harnack's and 
Loew's preparations were true chemical entities. It is to be 
regretted that Loew has not made any elementary analysis of 
his preparations. 

The formulsB of the proteids already quoted are : 

Egg-albumen G2MH3SBNa2066S2- 

Albumen in haemoglobin from horse CeaoHio98N2io034iS2« 
Albumen in haemoglobin from dog C726HU71N104O214S3. 
Globulin from pumpkin-seeds C292H4aiN9„083S2 

Thus if we select the most careful and exact of all the 
analyses hitherto made of the purest preparations of different 
proteids, we find that they give very varying quantitative 
compositions, and that they particularly differ in the amount 
of sulphur. 

So far as they have been investigated, proteids show a 

* Comp. O. Loew, Pfluger's Arc\.^ vol. xxxi. pp. 393-395 : 1883. 
t 0. lioew, Zoo. cii.^ p. 402. 
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certain unanimity in their products of decomposition. It 
appears that the various albumens are composed of the same 
combinations in different proportions. On heating the pro- 
teids with baryta water, they break up under hydration into 
numerous combinations, which are aknost all of known con- 
stitution. The principal are carbonic acid, oxalic acid, acetic 
acid, ammonia, sulphuretted hydrogen, sulphuric acid, and 
a number of amido acids, such as aspartic acid, leucin, 
tyrosin, etc. The same amido acids and ammonia also 
present themselves on boiling the proteids with acids, but not 
carbonic, oxalic, and acetic acids ; instead of these, a series 
of organic bases are formed, the precise composition of which 
has not yet been investigated, and which yield carbonic acid 
on heating with baryta water. The above-mentioned amido 
acids are also split off from the proteid by ferments. We 
shall have to discuss the products produced by the splitting 
up of proteids more fully when we come to treat of the 
chemistry of the urine ; we shall then also consider the de- 
composition of the nitrogen compounds of the organism (vide 
Lecture XVI.). 

Another group of food-stuffs, the oelatinifebous or colla- 
GiNous SUBSTANCES, are closely related to the proteids in 
chemical qualities; but their physiological import is quite 
different. 

Gelatiniferous substances are the chief constituents of 
connective tissue, of bone and cartilage, and therefore form 
an important part of the food of carnivorous and omnivorous 
animals. 

Gelatins, like proteids, are colloids containing nitrogen 
and sulphur, and may likewise occur in two modifications 
— one apparently dissolved, but not diffusible ; the other 
coagulated. But the conditions of the transit from one modi- 
fication to another are exactly the reverse. All proteids clot, 
as already described, at boiling-point, with neutral or weakly 
acid reaction, and in the presence of salts ; the gelatins, on 
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the contrary, become soluble under these circumstances,* and 
on cooling the solution of gelatin thus formed again dots. 
Solutions of albumen are precipitated by mineral acids, but 
not so solutions of gelatin. The gelatin of cartilage is cer- 
tainly precipitated by very dilute mineral acids, but dissolved 
by an excess, thus behaving in the opposite manner to the 
globulins, which are soluble in very dilute (1 per 1000) hydro- 
chloric acid, but are again precipitated by an excess of it. 

If, therefore, varieties of proteid and gelatine are soluble 
or coagulable under opposite conditions, we need not be sur- 
prised to find that under similar conditions in the organism, 
the one occurs invariably in the soluble, the other only in 
the solid, modification. Proteids are found in our bodies only 
in a liquid state. In this form they are the main con- 
stituents of the blood-plasma and of lymph, or they occur in 
that peculiar semi-liquid modification common to all those 
tissues which play an active part in the functions of 
our bodies : the contractile constituents of muscle-fibre, the 
axis-cylinders of nerve-fibres," the protoplasm of all cells 
which we must not conceive as rigid structures, but as 
engaged in a constant state of active amoeboid movement.f 
The coUaginous matters, on the contrary, are found in our 
tissues only in the rigid modification ; they form the supports 
and the framework of our bodies, viz. bone, cartilage, liga- 
ments, and connective tissue of all kinds. 

But here I must guard against a misunderstanding, lest 
it should appear that I am identifying the gelatiniferous 
constituents of the tissues with coagulated gelatin. In the 

* It is not nntil after the phosphates and carbonates of lime and magnesia 
have been extracted with dilute hyrlrochloric acid at a low temperature, that the 
gelatin of bone is dissolyed in boiling water, and especially under increased 
pressure. The salts of lime and magnesia appear to be chemically united with 
the gelatigenous substance. 

t As already mentioned, albumen is found in the solid form, deposited in 
crystals, only in the yolk of egg, and in the seeds and bulbs of plants. These 
crystalloids are not integral constituents of the living tissue, but dead material, 
the store of nutriment for the future development of the germ. 
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conversion of coUaginous tissues into solutions of gelatin, 
a fundamental change takes place, possibly a decomposition 
accompanied by hydration, and the gelatin is not reconverted 
into coUaginous matter on coagulation. 

The percentage composition of the varieties of gelatin 
is nearly the same as that of the proteids. At the same time, 
it is characteristic of the former that they are somewhat 
poorer in carbon and richer in oxygen ; they are products of 
the initiation of the breaking up and oxidation of the proteids 
in the animal body. According to the analyses* hitherto 
made, the percentage composition of the gelatinous sub- 
stances varies within the following limits : — 



Carbon 

Hydrogen 

Nitrogen . . 

Bulphnr 

Oxygen 



Gelatin ttom bone 
or oonnectlTe tioBue. 



49'3— 50-8 

6-6— 6-6 

17-5— 18-4 

— 0-56 (?) 
24-9— 260 



Chondrin. 



47-7— 60-2 
6-6— 6-8 

13-9— 141 
0-4— 0-6 (?) 

29-0— 51-0 



Albumen; 



600 - 550 
6-6— 7-3 

15.0«_19.0 
0-3— 2-4 

190—240 



We know for a fact that certain compounds of the aromatic 
class, rich in carbon, and which issue in the form of tyrosin 
and indol from the decomposition of proteids, are absent in 
the gelatiniferous substances.f It is, moveover, a fact that 

^ Fr. Hofmeifiter, ZeiUchr.f, phynol Chem., yoL ii. p. 299 : 1878. 

t The absence of tyroein explains the fact that gelatin does not give MiUon's 
reaction, which is common to aU proteids (red colouration on boiling with nitrate 
of meroiuy, with the addition of fuming nitric acid). All aromatic oxy-aoids 
and their deriyatives, to which tyrosin belongs, give this reaction. On the other 
hand, oompoonds which are wanting in proteids occur among the decomposition- 
prodnots of gelatinous matters. Amido-acetic acid (glydn, glycocoU), which 
has hitherto not been shown to exist among the decomposition-products of any 
albuminous body, is obtained from the gelatin of bones and connective tissue, on 
boiling with allmlies and acids, and in putrefaction. On boiling with acids, 
cartilage-gelatin gives a substance which reduces oxide of copper in an alkaline 
solution, and which appears to be closely allied to the carbohydrates, though it 
lias not yet been more carefully examined. According to H. A. Landwehr 
CPfliiger's Jreft., vol. xxxix. p. 198 ; and vol. xl. p. 21 : 1886), a colloid carbo- 
liydrate (*' animal gum ") may be obtained from chondrin by long boiling with 
water. Mering mentions that a proteid, syntonin, also occurs among the decom- 
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the beat -equivalent of gelatin is lower than that of the 
proteids ; * that therefore a part of the potential energy in- 
troduced into the animal body by albumen, is already con- 
sumed during its conversion into gelatin-yielding substances. 
We should therefore, cL priori, expect to find that the gelatins 
do not replace the albumen of nutrition, and that they cannot 
form the proteids of the tissues. Such a conversion would 
be opposed to the whole tendency of animal metamorphosis, 
which is essentially a process of decomposition and of 
oxidation. The conversion of gelatin into albumen would 
be a synthetic process of reduction. The results of Yoit's 
experiments,! showing that gelatin cannot replace the 
albumen of nutrition, are in agreement with the h priori 
deduction. When Yoit fed dogs exclusively on gelatin, or 
on gelatin and fat, they excreted more nitrogen than they 
took in with their food ; they therefore used up the proteids 
of their tissues. But if to a small amount of the albumen 

position-proJncts of cartilage-gelatin (cbondrin) (V. Mering, "Ein Beitrag z. 
Chem. d. Knorpels," Inaugural Dissert : Strasburg, 1873). This yiew is opposed 
to the statement that no aromatic combinations can be proved to exist among the 
products of cbondrin. On the products of the decomposition of proteids and 
gelatin, see further, M. Nencki, ** Ueber die Zersetzung der Gelatine imd des 
Eiweisses bel der Faulniss mit Pankreas *' : Bern. 1876 ; Jules Jeanneret, Joum. 
f, prdkt Chem, JV.F., vol. xv. p. 353 : 1877 (from Nenoki's laboratory) ; Ed. 
Buohner und Tb. Gurtius, Ber, d. deutBch. ehem, Oes,, vol. xlx. p. 850 : 1886; and 
B. Maly, Sitzungsber. d. Kais, Akad, d. Wtsseruch. in Wien, McUh.-fuaur. Clasae.^ 
vol. xcviii. : Jan. 6, 1889. 

* Danilewsky, CentrdiblaUf. d, med, Wistensch, Nos. 26 and 27 : 1881. 

t Yoit, Zeitaehr. /. Biolog., bd. viii. s. 297 : 1872. Theliistorical introduction 
to this treatise, showing the numerous errors into which any one would necessarily 
fall from ihe experiments, formerly made to decide the question concerning the 
nutritive vi^lue of gelatin, is highly insimctive and interesting. Compare also 
the later treatise on this subject : ZeiUohr. /. Biolog. bd. x. s. 208 : 1874. We can- 
not attain to a complete understanding of the importance of nutrient substances, 
until we get to know aU the processes of metabolism. We ought, therefore, 
properly to leave the consideration of the import of the various food-stuffs to the 
last chapter of physiological chemistry. But this difficulty can in no way be sur- 
mounted, for every chapter of physiology presupposes other chapters. It appears 
to me advisable to arouse the reader's interest at the start, by pointing out the 
importance in vital processes of those substances whose gradual changes and 
ultimate destination in the animal body must be the foundation of all future 
study. . 



HUMAN NUTRITION— GELATIN-YIELDING SUBSTANCES. 65 

in the food, which was not by itself sufficient to prevent 
the tissues giving off albumen, gelatin was added, the nitro- 
genous equilibrium was restored. The gelatin, therefore, had 
preserved the proteid of the tissues from decomposition; it 
effects an ''economy of the albumen." This property of 
economizing proteid also belongs to the fats and carbo- 
hydrates, but, as Yoit's experiments have shown, not in the 
same degree as to the gelatin. 

It has recently been supposed that the gelatin might 
perhaps replace the albumen if tyrosin were at the same 
time administered. We now know that the contrast in the 
metabolism in animals and plants is not so complete as 
was formerly supposed. There was therefore the a priori 
possibility that albumen might be formed by synthesis from 
gelatin and tyrosin. The first experiments * appeared even 
to favour this supposition, but on careful repetition, a negative 
result was obtained. Lehmannf fed two rats on a mixed 
diet of gelatin, rice-starch, butter, meat extract, and bone- 
dust; and six rats on the same diet with the addition of 
tyrosin. They all died at about the same time, from forty- 
seven to seventy days afterwards. Thus these experiments 
also tend to show that no albumen can be produced from 
gelatin, although we know, on the other hand, that all 
gelatin - yielding tissues of the body are formed from 
albumen. 

Gelatin, as such, is only to be found in cooked food. 
Of the gelatin-yielding tissues, the connective tissue is 
easily digested, and is therefore an important element of 
food. Meat, which consists to a great extent of connective 
tissue, disappears almost entirely in the alimentary canal of 
man. The digestibility of cartilage and bone was long 
doubted, until it was proved, by experiments in Yoit's labora- 

* L. Hennanu imd Th. Eaoher, Vierieljahrtchr. der naiwrfandi^ Qe^inZStith^ 
p. 36: 1876. 

t Karl B. Lehmaon, 8UungAer» d. 6m. /. MarphoL ti. Phy$ioL in Jffineften : 
1885. 
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tory,* that dogs fed on gristle ejected but a very incon- 
siderable amount in the f8Bces% A large part (as much as 
58 per cent.) of the collaginous substance of the bones did 
not reappear in the faeces. We do not know how far the 
digestive organs of man are capable of dealing with cartilage 
and bone, as no experiments have been made to ascertain this. 
Eeratin, the chief constituent of the epidermis, of hair, 
nails, claws, hoofs^ horns, and feathers, was formerly classed 
with the gelatin-yielding substances. But keratin is distin- 
guishable from the collaginous matters, as well as from albu- 
minous substances, by its high percentage of sulphur (from 4 
to 5 per cent.), but more especially from the gelatin-yielding 
substances, by the fact that tyrosin makes its appearance 
among its products of decomposition. According to this last 
property, keratin should be classed among the proteids. The 
keratins of the various tissues are probably not identical and 
not chemical entities, but mixtures of different substances. 
Keratin does not come under our consideration as food ; 
according to previous experiments it appears incapable of 
being digested by the mammal.f Certain insects can digest 
keratin. The caterpillar of the clothes-moth apparently 
feeds almost entirely upon keratin. Wherever, therefore, 
keratin is rendered soluble, it can take the place of albumen. 
The chief constituent of elastic tissue, '^ elastin," which was 
likewise formerly classified under the same heading as 
gelatin, now stands by itself: on decomposition, it yields 
a small amount of tyrosin.} Elastic tissue is almost com- 
pletely digested by dogs.§ As regards human beings, we 

• J. Etringer, Zeittehr.f. BicXog., vol. x. p. 84: 1874. 

t Ejiieriem, *' On the Value of Cellulose in the Animal Organism," p. 6, 
Jubilee Essay : Biga, 1884. Beprinted in the Zeitsehr. /. Bidlog., voL xzi. 
p. 67: 1885. 

t For the oomposition and properties of elastin, vide B. H. Chittenden und 
A. B. Hart, Zeitaehr./, Biolog,, vol. zxy. p. 868 : 1889. The earlier literature is 
here quoted. 

§ Etzinger, loo. ciL Compare also L. Morochowets, St Petenburger med. 
WoehmKhr,: No. xy., 1886; A. Ewald und W; Kuhne, Verhandlungen 'et 
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must mention an experiment made by Horbaozewski * on 
a patient with gastric fistula; Powdered elastin in a small 
bag was introduced through the fistula, and was found to be 
partly dissolved in twenty-four hours. 

naiuT.'-hUUjr, med, Vereins ttt Meiddberg. ^. F., toI. i. p. 441: 1877; and 
Chittenden nnd Start, loo. eit* 

* J. Horbaoieiiraki, ZeiUchr.f, jlhyndU Chenu, yol* 6, p. 390: 1882. 
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FUBTHEB COlfSIDERATION OP OBaANIG FOOD-STUFFS — CAEBO- 
HYDBA.TBS AND FATS — SIGNIFICATION OF THE THBEB MAIN 
GBOUPS OP OBGANIC FOOD-STUFFS. 

We will now turn our attention to two main groups of foods 
which o£fer a contrast to the two last mentioned, in being 
free from nitrogen and sulphur — ^the fats and the oabbo- 
HYDBATEs.* They agree with one another in being made 
up of the same three elements : carbon, hydrogen, and 
oxygen. But the quantitative composition is well known to 
be quite different ; the fats are much poorer in oxygen, and 
richer in carbon and hydrogen. Therefore the heat-equivalent 
of the fats is much the greater. 

The heat-equivalent of the organic substances cannot be 
exactly computed from the known heat-equivalents of carbon 
and hydrogen, because, of the amount of heat which is 
set free by the union of the oxygen with the carbon and 
hydrogen, a part is used up in the separation of the hy- 
drogen atoms from the carbon atoms, and of the carbon 
atoms from each other. This amount of heat may vary 
greatly in different compounds, because the atoms are more 
or less firmly combined with each other, and varying amounts 
of heat are set free by their union. Metameric compounds 
are known to produce different heat-equivalents. Hence the 
heat-equivalents of food6 have been determined by direct 

* Both here and in all subsequent remarks, a knowledge of the chemical 
properties of the carbohydrates and fats is presupposed, as these compounds aro 
usually described at sufficient length in the text-books of organic chemistry. 
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calometric methods, first by Frankland,* then by an improved 
method by Stohmann t and his pupil Bechenberg,} lastly by 
Danilewsky § and by Buhner. Q In the following table I give 
the values ascertained by the above-mentioned authors. By 
the side of each figure will be found the first letters of the 
author's name. The heat-equivalents of carbon, hydrogen, 
and of a few decomposition-products of foods, are also added 
to the table, for reference in future remarks. The unit of 
heat is that quantity of heat required to raise the temperature 
of one gramme of water V C. 

Heat-Equitalsht8 of One Gbammb of SuBffTANCS KXPBiBBiT) nr 

Units of Heat. 

Hydrogen F. and S.Y . . . . 84462 

Steario aoid, OisHjeO, Bch. .. .. 9886 

Ditto Bub. .. .. 9745 

Ditto F. andS. .. .. 9717 

Beeffat D 9686 

OUveoil St 9455 

Pig's fat Rub. .. .. 9A3 

Stearioacid St 9412 

Fat (human and animal), the average of a 

numberofappioximate figures, 9319-9429 St 9372 

Butter St 9179 

Charcoal F. and S 8080 

Ethylaloohol F. and S 7184 

Ditto Berthelot .. .. 6980 

Fibrin from plants D 6231 

Httmoglobin (horse) D 5949 

Ciigein D 5855 

Fibrin from blood D 5772 

Casein from milk (three preparations, 

5754-6693X average 8t 5715 

Butyric acid F.andS. .. .. 5647 

Paraglobulin (from horse's blood-semm) . . 5634 



• Frankland, Philo: Mag,, vol. xxxii p. 182 : 1866. 

t Btohmann, Journ. /. praM. Chem. N. F^ vol. xix. pp. 115-142 : 1879 ; and 
Landmrtha<^ftL Jahrh., pp. 531-581 : 1884. 

X von Rechenberg, Journ, /. prakL Chem.] N, -F., vol. xxii. pp. 1-45, 223- 
250: 1880. 

§ Danilewskj, Pflftger's Arch., vol. xxxvi. p. 237 : 1885. 

H Buhner, Zeitachr,/. Biolog., vol. xxi. pp. 250, 337 : 1885. 

i Favrs and Silbermann, Ann, d, Chim, et d. Phyt,^ t uxiv. p. 357 : 1852: 
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Crystallized albumen (from pumpkin-aeed, 

prepared by Grfibler) St. .. 

Egg-albomen (two preparation!, 5556 and 

5597), average St. .. 

Snccinio add, 04H^04 Boh. 

Ditto ,. .. Si .. 

Uric acid ., ., Frenkl. 

Ditto St, .. 



Urea • . 

Ditto 
Fibrin from blood (three preparations, 

5487-5586), average ., 
Glutin (from isinglass) . . , . 
Peptone (prepared by Dreohsel) • , 

Chondrin 

Peptone 

Starch, OjHjoO, 

Erythrodextrin 

Glycerine 

Cane sugar 

Ditto, CigHjjG,! . . . . , . 
Maltose anhydrid, C]sH,,0„ 
Laetpse anhydrid, Oi^'EL^fin 
Cellulose (fh>m Swedish filter-paper) 

Staroh 

Cane sugar 

Lactose hydrate, C,^2,0ii, H3O . . 

Dextrose anhydrid, CJBLifi^ 

Kaltose hydrate, Ci^L^Ont H,0 , . 

Lactose anhydrid 

Lactose hydrate 

Dextrose anhydrid 

Dextrose ])ydrate, CeH,30«, HaO 

Acetic aoid • . 

Asparagin ,. 

Glycoooll 

uroa •• ,• •• 
Tartaric acid, C^Mfi^ 

Ditto 
Oxalic acid, C^304 

Ditto 



• f 



» • 



• » 



D. 

St 



St. 
D. 



D. 



D. . 
D. , 

Bch. 
Boh. 
St , 
D. 



Boh. 
Bch. 
Bch. 

St . 
St. 



St. . 
Bch. 
Bch. 
Boh. 

St . 
Si . 



St. . , 

Boh. 

F. and 8. 

St .. 



St .. 
Frankl. 
St. . • 
Boh. 
^h. 
fSt, • . 



5595 

5577 
2996 
2937 
2645 
2620 
2537 
2465 

5508 
5493 
4914 
4909 
4876 
4479 
4325 
4305 
4176 
4173* 
4163 
4162 
4146 
4116 
3959 
3945 
3939 
3932 
8877 
3667 
8692 
8567 
3505 
8493 
3050 
2121 
1744 
1408 
659 
569 



In the oaae of non-nitrogenous food, the same heat^ 
eqnivalent is produced ixx our bodies as in the calorimeter, 
because the ultimate products are the same; but it is 
different . in the case of food containing nitrogen. Nitro- 
gen is liberated in a free state from combustion in the 
c^orimeter ; on the other hand, it issues bom the decompo- 



THE ORGANIC FOOD-STUFFS — SIGNIFICATION. 71 

sition and oxidation of the body, as an organic compound, 

in union with a part of the carbon and hydrogen, and, in the 

case of man, principally as urea. The amount of urea which 

can be formed from the albumen, is about one-third of the 

weight of the albumen. In order, therefore, to ascertain the 

heat-equivalent of the proteid in our organism, we must 

deduct one-third of the heat-equivalent of urea from that of 

the albumen. But this figure would come out rather too 

high, because the nitrogen leaves our body not only as urea, 

but partly as a compound containing both more carbon and 

more hydrogen. We must therefore subtract at least 800 

units of heat from the heat-equivalent of the proteids in the 

above table, and we then obtain figures which are only a 

little higher than those of the carbohydrates. As a store of 

energy in our bodieSi therefore, the carbohydrates are, in a 

quantitative respect, about equivalent to the proteids. The 

heat-equivalent of fats, on the other hand, is twice as 

sxeaL 

' *• -^ -iQ^prtained as to the manner in 

•of 

■er, 

of 

'.vho 

:ind 

-i as 

^' -' - hily 

the 
y in 
and 
fore 
L^en. 
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pears during work. It thus ap^c... cites 



72 LECTURE V. 

serve as the chief sources of energy in muscle.* The fats and 
the carbohydrates may replace each other, but only within 
certain limits ; they do not appear to play exactly the same 
part. This is proved by their simultaneous appearance in 
the milk of all camivorae, omnivorse, and herbivorsB. It is 
further proved by the instinctive desire for the addition of 
fat to a diet however abundant in carbohydrates it may be, 
and the desire, on the other hand, for the addition of carbo- 
hydrates to the richest fat-diet. 

The fats are, at any rate, the most fertile sources of heat. 
Concerning the importance of animal heat in vital functions, 
we know, so far, that all chemical processes, as well as the 
interchange of force connected with them, and the functions 
of the body dependent upon them, are more intense at a 
higher temperature. The fact that the functions of the 
nervous system, and of the muscles especially, are performed 
more rapidly at a higher temperature, may be easily demon- 
strated, as is well known, on poikilothermic animals. 

It has not yet been ascertained which functions of the 
body are aided by the decomposition and oxidation of the 
large amount of proteid, which no other food-substance can 
replace. It is a matter of experience, that each person must 
be daily supplied with at least 100 grms. of proteid, in one 
form or another. If he eats less than this amount, he must 
use part of the proteid of his tissues, however large a quantity 
of fat and carbohydrates he takes as well.f The fats and 
carbohydrates can only act, in a certain degree, as substitutes 
for the proteids. 

* The question as to the souroe of muscular energy wiU be fully treated in 
Lecture XIX. 

t From numerous experiments recently communicated, it appears that, when 
a large amount of carboh}drates is taken, much less than 100 grms. of proteid is 
almost, if not quite, sufficient to maintain nitrogenous equilibrium. It is open 
to question, however, whether it would be so, over a long period of laborious work 
and normal sexual life. Vide C. Yoit, £. Volt und Gonstantinidi, ZeittiAr. f, 
BioJog., vol. XXV. p. 282: 1888; Hirschfeld, Virchou>*» Arch,, vol. cxiv. 301 ; 
1888 ; and Muneo Eumagawa, (hid,, vol. cxvi. p. 370 : 1889. 
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We know, indeed, that the elements of oar tissues which 
are rich in albuminous material, undergo, like all unicellular 
bodies, a rapid change of generations ; that increase, death 
of one part, growth and division of another, follow each other 
in iminterrupted succession. In the epidermis (the tissue 
most convenient for observation), we see the older cells con- 
tinually dying off and being replaced by the proliferation of 
under layers. The same process has been traced in the 
epithelium cells of the intestine and of certain glands. A 
glance at a section of bone shows that newly formed con- 
centric lamell89 are continually growing into the older 
system as it becomes absorbed. We shall see, when we 
come to consider the processes of absorption in the intestine 
(Lecture XII.), that the leucocytes also undergo rapid growth 
and destruction. Why should not the same thing be taking 
place in the tissues hidden from our observation ? 

But the material of the dying elements of tissues may be 
used up in the growth of the surviving cells. The necessity 
for a daily consumption of 100 grms. of albumen is incompre- 
hensible, BO long as we do not know of any function of the 
body in the performance of which the chemical potential 
energies of the destroyed albumen are used up. 

As we know for a fact that albumen is the only one of 
the three main groups of food that cannot be replaced by any 
other, our choice and combination of the articles of diet must 
be regulated by the amount of albumen they contain. In 
the following table * may be seen the average composition of 
the most important articles of diet, arranged according to the 
quantity of proteid found in them : — 

* The numbers are taken from the work of J. Konig, *' Ohemie der menschli- 
cben Nahrimgs-und GenussmltteV 2ad edit. (Berlin, 1882), in which will be 
found an exhaustive CQllection of all former analyses. 
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LECTURE 


V, 








TABLE 


L 






One Hundbed Gbmi 


1. OF Food ik a 


Hatubal Stati 


CONTAIN— 




Proteid. 


Fata. 


Carbohydrates. 


Apples . . 


.. 04 




— 




. 13 


GftiToifl 


11 




. . 0-2 




9 


Potatoes 


. . 2-0 




. . 0-1 




. 20 


Huniftn milk 


. . 2-4 




. . 40 




6 


Cabbage (various) 


. . 3-3 




. . 0-7 




. 7 


GoVs milk 


. . 8-4 




.. 40 




5 


Bioe 


. . 80 




. . 0-9 




. 77 


Maize 


. , 100 




. . 4-6 




. 71 


Wheat . . 


. . 120 




. . 1-7 




. 70 


Egg^albumen 


. . 130 




. . 0-3 




— 


Fat fish (eel) . . 


., 13-0 




. . 280 




. — 


Fat pork . . 


. . 15*0 




. . 37-0 




— 


Yolk of egg 


. . 160 




. . 320 






Fat beef . . 


. . 170 




.. 26-0 






Lean fish (pike) . . 


..18-0 




. , 0-5 






Lean beef 


. . 210 




. . X-5 






Peas 


.. 230 




. , 1-8 




. 58 




TABLE 


n. 






One Hukdbed 


Gbms. op Dried Scestanoe ooaitain— 




Proteid, 




Fats. 


Carbobjdrates 


Apples .. p. 


, . 2-4 




. • — 




. 79 


Potatoes . . 


. . 80 




. . 0-6 




. 87 


Rioe . . . • 


. . 90 




. . 10 




. 89 


Ganots . . 


.. lO'O 




.. 2-0 




. 82 


Maize 


. . ll-O 




.. 50 




. 81 


Wheat 


. , 140 




,. 20 




. 81 


Human milk 


. . 18-0 




.. 30 




. 48 


Cabbage 


.. 26 




., 5-0 




. 56 


X oas •  , f 


. . 270 




.. 20 




. 62 


CoVs milk 


.. 270 




.. 29-0 




. 38 


Fat pork 


.. 280 




. , 710 




, — 


Fatflslj 


. . 300 




. . 670 




. — 


Yolk of egg 


., 330 




. . 650 




— 


Fatbeef 


, . 390 




. . 590 




, — 


Lean beef 


. . 890 




6 




— 


Egg^bumen 


,. 890 




, . 20 




• ~~" 


I^e^fish 


. . 900 




.. 2-5 




• ^*^* 



In the following table we give the amount which it is 
necessary to eat of the varions articles of diet in their natural 
undried condition, in order to convey XOO grms, of proteid 
into our bodies : — 
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TABLE in. 
One Hundred Gbxs. of Pbotbid abb cwntained in — 

750 grms. egg-albnmen. 



25,000 grms 


. ftpples. 


9.000 ,. 


carrots. 


5/)00 „ 


potatoes. 


4,200 ^ 


human milk. 


8,000 » 


cabbage. 


3,000 ,. 


cow's milk. 


1,250 „ 


rice. 


},000 ,. 


maize. 


800 „ 


vhdat 



750 


», 


fat fish (eel). 


650 


»♦ 


fat pork. 


620 


M 


yolk of egg. 


600 


»» 


fat beef. 


550 


n 


lean fish. 


480 


n 


le^n beef. 


430 


n 


peas. 



In the following table we give the amount of dried articles 
of food which contain 100 grms. of proteid. 

TABLE IV. 
One Hunpbep Grms. of Pboteip abb contained in — 



4200 grms. dried applea 



1250 


M 


»» 


potatoes. 


360 


», 


,» 


fat pork. 


1100 


ff 


M 


rice. 


330 


w 


>• 


fat fish. 


1000 


» 


»» 


carrots. 


300 


n 


M 


yolk of e^. 


900 


l» 


>f 


maize. 


250 


f) 


»» 


fat beef. 


700 


n 


f» 


wheat. 


112 


»» 


»f 


lean beet 


550 


M 


>♦ 


human milk. 


112 


t* 


•1 


egg-albumen. 


440 


»f 


•> 


Cftbbage. 


110 


99 


M 


lean fish (pike). 


370 


ft 


W 


peas. 











870 grms. dried cow's milk. 



If we subtract 100 from the numbers given, we learn 
from this last table how much of the other solid constituents, 
especially carbohydrates and fats/ we must consume in order 
to obtain 100 grms. of albumen. In the following two tables, 
these quantities are divided into carbohydrates and fats ; in 
Table Y. they are arranged according to increase of carbohy- 
drateSi and in Table YI., according to increase of fats. 



TABLE V. 
WrrE 100 Orms. of Proteip wb taxb vf nr — 

Carbohydrates. 

Cow's milk 140 

Cabbage 220 

^e^s .. .. A«fU 

Human milk 270 

Wheat 580 

Hai;Be 740 

Carrots 820 

Bice 990 

Potatoes 1090 

Apples 3800 



Fate. 

107 

21 

7 

170 

14 

46 

20 

11 

8 





• • 



«• «• c>« •■ 



• • 
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TABLE VL 
With 100 Gbhs. of Pboteid wk take up in— 

FAte. GarbohydratM. 

Apples • . . . . . . . . . — . . . . 3300 

Egg-albumen 2 

PilrA ^ 

^- AJkW •• •» •• m • •■ ^ 

Iiean beef 7 

Peae 7 .. .. 230 

Potatoes 8 . . . . 1090 

Rice 11 .. .. 990 

\jj5>^ ' » JCom- 14 .. .. 580 

Carrots 20 .. .. 820 

Cabbage 21 . . . . 220 

Rice 30 .. .. 1800 

Maize 46 . . .. 740 

Cow's milk 107 . . .. 140 

Fat beef 160 .. .. — 

Human milk 170 .. .. 270 

Yolk of egg 200 

Eel .. ..220 

Pat pork 250 



• • 



• • 



B • 



In forming an opinion from these tables, concerning the 
value of the different animal and vegetable foods, the following 
must also be taken into consideration. The amount of 
proteid in most articles of food has not been accurately 
determined. The amount of nitrogen only has been ascer- 
tained, and from this the amount of proteid has been 
calculated under the supposition that no other nitrogen- 
compounds exist in food, and that all kinds of proteids 
contain 16 per cent, of nitrogen. Both assumptions are 
wanting in precision. The amount of nitrogen in the various 
proteids varies, as we have seen, from 15 to 19 per cent. 
The other assumption, that foods contain no other nitrogen- 
compound, holds good in the case of the grains of cereals 
and leguminosaB. But in most of the other vegetables, 
ammonia, nitric acid, amides, amido-acids, etc., are found 
in considerable quantities. In certain kinds of vegetables, 
the nitrogen of these compounds amounts to more than one- 
third of the entire nitrogen. 

It would also be a serious mistake to calculate the amount 
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of proteid from the amount of nitrogen in meat. This con- 
tains a considerable quantity of gelatin-yielding substances, 
-which, as I have already pointed out, have a totally different 
action in nutrition to that of proteid. The gelatin-yielding 
substances of animal food may be regarded as more analo- 
gous to the carbohydrates of yegetable food than to the 
proteids. If, therefore, the nutrient value of meat and vege- 
tables be judged from the above tables, according to their 
relative amount of albumen, the value of the meat will be 
rated too highly, and that of the vegetables not highly 
enough. 

On the other hand, it must be remembered that animal 
food is much more completely absorbed than vegetable food. 
The capability of absorption of the proteid in different foods 
has of late been accurately tested by a careful comparison 
of the amount of nitrogen in the nutriment taken, with that 
in the feces. It has thus been ascertained that the proteid 
of the meat almost entirely disappears. A considerable part 
of the proteid in milk reappears in the faeces, and a still 
larger proportion is unabsorbed from vegetables. The 
following table gives the results of these experiments on 
the absorption of proteid ; they have all been carried out on 
human beings. 

PeroentAge of 
Food. unabsorbed Albumen.* ^ Author. 

Beef (the same person being experimented on) i%^\ • . . . Rubner.f 

Eggs . . . . . . . . . . . . 2*9 . . . . Bubner. 

(2-9J 
Hilk and cheese (the same person) . . . . {4'9> . . Bubner. 

37 



* These figures are rather too high, because the nitrogen in the fasces is con- 
tained, not only in the unabsorbed food, but also in the products of metabolism, 
which are eliminated in the intestine. According to Bieder's experiments with 
non-nitrogenous food, the nitrogen eliminated in the intestine amounts to 8 per 
cent, of the total nitrogen excreted under these circumstances. Zeitsehr. f, 
Bichg.j vol. zx. p. 478 : 1884. 

t Max Bubner, Zeitsehr. /. Biciog , vol. XT. p. 115 : 1879 ; vol. xvi. p. 119 : 1880 ; 
vdL xix. p. 45 : 1883. 
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Food. 



Percentage of 
unabeorbed aibameli. 

6-5) 
70 



Milk* (four ezperimentB on four different people) j ^.^ 

120j 
Legaminoee ** (flout £rom leguminoes and ( 8*2 > 

110-5J 



« • 



< • 



oerealB) 
Macaroni .. 
Maize 

Peas and bread 
Yermioelli 
Savoy cabbage 
Wheat bread 
Bice 
Rye bread 



White bread (the same person) 



. . 11-2 

. . 15-5 
120— 20-0 

. . 171 

. . 18-5 

. . 19-9 

. . 20-4 

. . 22 2 

ri8-7) 

1 20-7 1 

•• 124-6I 

1267J 



n7-5) 
1 27-8 V • 



80-5 
320 
32-2 



Peas, shelled and well boiled (the same 
person) 

Whole wbeat-meal bread 

Black bread (rye bread) 

Potatoes 

Haisford-Llebig bread . . 32*4 

Carrots (boiled) 39'0 

Lentils 40'0 

Bran bread 42*3 

Lentils, potatoes, and bread 535 



Author. 
Buhner. 

. . Strampell.t 

. . Buhner. 

. . Buhner. 

. . WoroechilofElt 

. . Buhner. 

. . Buhner. 

. . Meyer.§ 

. . Buhner. 
Meyer. 

. . Buhner. II 

. . Buhner. 

. . Buhner. 
. . Buhner. 

Buhner. 

Meyer. 

Buhner. 
. . Striimpell. 
. . Meyer. 

Hofmann.Y 



If the above table be compared with Tables III. and lY., 
it appears scarcely possible that a man conld take np, in 

* Concerning the absorbability of milk, see W. Prausnitz, Zeittchr.f. Biolog., 
vol. XXV. p. 533: 1889. 

t A. Strfimpell, Detttteh, ArcKf. hlin, Med,, tol. xvii. p. 108 : 1876. 

X Worosohiloff, Botkin's Areh,<, vol. iv. p. 1 : 1872 (Bussian). Unfortunately, 
a very inaccurate account of this useful work is to be found in the Bert hlin. 
Woehenschr., p. 90 : 1873. 

§ 6. Meyer, Zeittehr.f. Bidlog,, voL viL p. 1 : 1871. 

II It is a pity that the careful and arduous experiments of Buhner were made 
on beer-drinkers, whose digestive origans are quite unsuited to a vegetable diet 
In the experiment with white bread of the finest flour, the man drank one and a 
half litres of beer per day. Is the '* flatulent distension" in this case to be 
ascribed to the bread ? Keitlier could Meyer (loo, et(„ p. 18) leave off the beer 
during his experiments, but took two littea a day I Worosohiloff, who, during 
his e^iperiments on himself, drank water only (he. oii., p. 28), completely used up 
the proteid of a vegetarian dietary, while at the same time he performed the 
most strenuous bodily and mental work, and yet preserved his nitrogenoos 
equilibrium. 

Y Fr. Hofmann, ** Die Bedeutung von Fleischnahrung und FleisohconMrveQ," 
pp. 11, 44: Leipzig, 1880. 
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the form of vegetables, the daily amount of at least 100 grms. 
of proteid necessary to maintain the balance of nitrogen. 
The potato appears especially tmsuited for this purpose ; 
5 kgrms. must be eaten in order to introduce 100 grms. of 
proteid into the stomach, but 7 kgrms^ must be consumed to 
allow of the absorption of 100 grms. of proteid. English 
statisticians do in fact show that Irish workmen, who live 
chiefly on potatoes, eat on an average from 4 to 6*5 kgrms. 
each daily. This appears scarcely credible. The person 
experimented on by Rubner,* a powerful soldier, who was 
accustomed to take large quantities of potato when at home 
in the Bavarian Alps, could not manage more than from 
8 to 8'5 kgrms., although this monotonous form of food 
was prepared in various ways, with salt or with butter, with 
vinegar and oil as a salad, in the form of chips, or baked ; 
and although the man was eating all day long. The potatoes 
he ate contained only 71*5 grms. of proteid, of which 28*1 
grms. remained unabsorbed. He could not, therefore, maintain 
his balance of nitrogen, as he gave out more nitrogen through 
the kidneys than he absorbed from the intestines, thus using 
up the store of proteid in his tissues ; i.e. he was gradually 
dying of hunger. A sceptical observer must, however, concede 
the possibility that many Irish labourers may consume 6 
kgrms. of potatoes and maintain their nitrogenous equiUbrium. 
The difference in individuals is, of course, very great. 

I wish, further, to point out that such a diet can be better 
borne by adults than by children. Children have to build 
up their organism, and to form a large amount of proteid ; 
adults have only to maintain the previous store, performing 
their muscular work with the carbohydrates, of which a 
superfluity is introduced with a potato-diet. The frightful 
mortality among children of the lower classes is perhaps 
largely due to the want of albumen in their food. 

Among the more important articles of vegetable food, the 

* Bubner, loe. eit^ vol zt. p. 146. 
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leguminossB contain the largest amount of proteid. A diet 
of these, if properly prepared, maintains nitrogenous equili- 
brium. This is shown by the experiments Woroschiloff* 
made upon himself. He lived for thirty days entirely upon 
peas, bread, and sugar, while at the same time he performed 
8528 kilogrammeters of work per hour, for the space of one 
to three hours a day, and yet he showed no loss of albumen. 
The person whom Buhner t experimented upon, also kept 
his nitrogenous equilibrium on a diet of peas. 

If an exclusively vegetable diet proves insufiScient, it is 
perhaps caused less by the want of albumen than by the 
want of fat. If we glance at Table Y. (p. 76), we see that 
the relation of carbohydrates to albumen is the same in a 
diet of leguminosae and cereals as in milk, with the difference 
that the former contain much less fat than milk does. We 
should hence, d priori, expect to find that a man could exist 
very well upon cereals and leguminosae, with the addition 
of fat, or perhaps even upon cereals and fat only. Milk is 
the normal food of the infant, not of the adult. The adult 
requires, as I have just explained, relatively less albumen 
and more carbohydrates. We might, therefore, conclude that 
the normal food of the adult would be furnished by the 
proteid and carbohydrates, in the proportion met with in 
the cereals, and that this diet would only require the addition 
of fat. This theory appears to be confirmed by experience. 
The labourers in some districts of Bavaria, who do the 
hardest work, are said to live upon a diet prepared from 
flour and lard.J This mode of living would be the ideal 
of vegetarians § if the fat were likewise obtained from the 

* Woroschiloff, loe. cit, t Rnbner, he. dl., vol. xvL p. 125: 1880. 

X H. Banke, "Die bayr. Landwirthschaft in den letzten 10 Jahron. Feet- 
gabe/' etc, p. 160: MfiDchen, 1872; Liebig, ** Sitzungsber. d. bayr. Akad.,*' 
p. 463 : 1869 ; Beden and Abhand., p. 121. Compare also Ohlmiiller, ZeiUehr, f. 
JBiolog,, vciL xz. p. 893 : 1884. 

§ I have published a detailed eriticiBm of vegetarianiBm in a small pamphlet, 
«*VegetariaDlBm" (Berlin, HiiBchwald: 1885). 
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vegetable kingdom^ in the form of oil, olives, nuts, cocoa. 
From investigations made by Panum and Bmitzen, it appears 
that even a carnivorous animal can be nourished on cereals 
and fat; a dog which was fed exclusively on groats and 
butter could be kept in good health for two months without 
loss of weight.* Unfortunately, this experiment lasted much 
too short a time. 

The fat of all food is very completely absorbed,! fax more 
80 than the proteids. The same is true of all carbohydrates, ^ 
with the single exception of cellulose. This was held to be 
totally indigestible until quite recently, when it was proved 
by experiments on ruminants § at the farm-stations kept 
for investigations, that from 60 to 70 per cent, of the woody 
iGlbres disappear from the digestive canal. At the experi- 
mental fiunoi of Tharand,|| it was even found that from SO to 
40 per cent, of the cellulose of sawdust and paper was 
absorbed,, when mixed with hay and eaten by sheep.. WeiskelT 
was the first to make experiments on human beings, which 
he carried out on himself and on another. He found that 
one of them digested 62*7 per cent., the other 47*8 per cent., 
of the woody fibres in the food, which consisted of carrots, 
cabbage, and celery. Later on Enieriem ** made experiments 
on himself, and found that he digested 26*8 per cent, of 
the tender woody fibres of lettuce, while only 4*4 per cent. 
of the tougher fibres of the scorzonera. The latter figure is 
within the limits of unavoidable error. How cellulose under- 
goes solution in the intestines, we shall explain further on, 

* JahreBberirJU uber die ForUohritte der Thierohemiej vol. iv., of the year 1874, 
p. 365 : Wiesbaden. 1S75. 

t Rnbner, loe. ciL, vol. xv. p. 189. t Rubner, loe. cU., p. 192. 

§ Haubner, Zeit$<^r. fur Landmrthaehafty p. 177 : 1855 ; Henneberg and 
fttohmann, BtUrdgn aw BegrUndimg einer rationeUen FiUterung der Wiederkauer, 
Heft i. : 1860 ; Heft ii. : 1868. 

I " Der ohemisohe Ackersmann," pp. 51, 118 : 1860. 

1 H. Weiske, Zeilfchr./, Biolog., vol. vi. p. 456 : 1870. 

* * y. Knieriem, '* Ueber die Verwerthnng der GeUnlose im thieriBchen Organ- 
inniit. FestKhrift " Biga, 1884. Alto printed in the ZeiUehri/t /. Biohg,, 
ToL zxi p. 67 : 1885. 

O 
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when we come to the consideration of the digestive pro- 
cesses. 

Gellalose can scarcely be classed among the food-sub- 
stances of human beings. On the other hand, it is of great 
importance in acting as a mechanical stimulus to promote 
the peristalsis of the intestine. For this reason cellulose 
is absolutely essential to animals with a long intestinal tract. 
If rabbits are fed on a diet containing no cellulose, the onward 
movement of the intestinal contents ceases, inflammation in 
the intestines ensues, and the animals rapidly die. But if 
horn-parings be added to the same food, nutrition is normal.* 
These horn-parings are, as Knieriem proved by experiments 
devoted to that purpose, absolutely undigested, and can 
therefore only have taken the place of woody fibre in so far 
as its mechanical properties were concerned. Of three mice, 
fed entirely on milk, one died after forty-seven days, of intus- 
susception, as dissection showed.f 

The following are the details of a post-mortem examination 
of a rabbit which had died for lack of cellulose : '^ The 
stomach only contained mucus, and showed signs of incipient 
inflammation in the region of the pylorus; the small intes- 
tine, full of mucus, was much inflamed throughout its whole 
length, as was also the caecum. The latter was largely filled 
with excrement of the consistency of putty, which adhered 
firmly to the walls and folds of the csBcum. The difference 
between these contents and those of the caecum of a normaUy 
fed rabbit is very noticeable, for here the mass in the caecum 
is pretty loose, falling almost completely away if the intestine 
be bent backwards, and this loose consistency is caused only 
by the tough fibres, by means of which the communication 
between the anus and the stomach is kept open. This could 
hardly have been the case in the animal which died." t 

* Knieriem, lor., eil,, pp. 6, 17-19. 

t N. Lonin, *' Ueber die Bedeutung der anorganiBchen Salze fclr die Erniih- 
rung des Thieres," p. 15, Dissert. : Dorpat, 1880. AU» printed in tiie Zeittehr.f^ 
phyriU. Chem^ vol. y. p. 87 : 1881. 

{ Knieriem, loe, o»(.,p. 17. 
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The short intestine of camivora does not require a 
mechanical stimolns to produce peristaltic action. The 
intestine of human beings is well known to be of medium 
length ; a man's life, therefore, is not endangered by depriva- 
tion of cellulose, although the normal movement of the 
intestine might be thereby impeded. The muscular wall 
of the intestine becomes atrophied like every other muscle, 
if it has no work to do. We must therefore see that the diet 
of human beings does not lack woody fibres. The excessive 
fear of indigestible food which prevails among the wealthier 
classes may lead to universal debility of the intestinal 
muscular walls. Habitual constipation would perhaps not 
be such a common trouble, if we were accustomed from our 
childhood to a dietary containing a sufficient supply of woody 
fibres. Of late years whole-meal bread, which is rich in 
cellulose, has been a successful remedy for chronic constipa- 
tion. It is well known that an exclusive milk-diet may 
occasion constipation. 

On the other hand, it is urged that the rapid and continual 
movement of the intestinal contents in consequence of the 
irritating action of the woody fibres has one drawback — ^the 
incomplete utilization of the food. Fr. Hofmann showed 
that the addition of cellulose diminishes the nutritive value of 
meat.* At the same time, it appears to me that the advantages 
of food containing cellulose far outweighs the drawbacks. 

The following table shows the amount of cellulose con- 
tained in the most important vegetables used as food by man ; 
from a dietetic point of view this is not without interest. 

PlBOBNTAOl OF GbLLTTLOSE IN VARIOUS AbTIOLBB OF DUET IN A 

Natural Statb.! 

OellnkMa. Water. 

Rice flour 0*2 . . . . 13*0 

Wheat flonr (fine) 0*3 .. ,. 13*0 

OncQinber 0-6 .. .. 96*0^ 

* Yoit, 8iUfmgAer,derhayr. Aktid, : December, 1869. 

t The average figure, taken from Konig's work preTiooBly quoted. 
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CeUalooe. 

Rloe 0*6 . 

Onion 07 . 

Potato 0'8 . 

Cauliflower 0'9 . 

Asparagas 1-0 • 

Carrots 10 . 

Melon I'l . 

Mushroom 14 . 

Rye meal 1'6 . 

Apple (including pips) 1*5 . 

Radish 1*6 . 

Cabbage 1*8 . 

Green peas 1*9 . 

Rye 20 . 

Strawberries 2*8 . 

Maize 2-5 

Wheat 2*5 

Horseradish 2*8 

Lentils 3*0 

Hazel-nut 8*3 

Beans 3*6 

Grapes (including pips) 3*6 

Pears (including pips) 4*3 

Barley 5*3 

Wahiut 6*2 

Almonds 6*6 

Raspberries 6*7 



• • 



WAter. 
130 
86-0 
75*0 
91*0 
940 
89-0 
90*0 
91*0 
140 
85*0 
87*0 
900 
780 
160 
880 
13*0 
140 
77*0 
120 
3-8 
14*0 
780 
830 
140 
4*7 
5-4 
860 



Pkbckrtaob or Cbixulosb in Drobd Articles of Dqbt. 



OellnloM. 

Rice flour 0*2 

Wheat flour (flue) .. .. 0*4 

Rice 0*7 

Rye meal 1*8 



Rye 
Wheat 
Maize « 
Potato 
Hazel-nnt 
Lentils 
Beans . 
Onion 
Barley 
Peas 

Walnut I 
Almond . 



2-4 
2*9 
2*9 
31 
3*4 
41 
4*1 
50 
6*2 
6-4 
6*5 
6*9 



Oelliilo«e. 

Spinach 8*1 

Green peas 8*7 

Carrot 8*8 

Apples 10*0 

Radish 12*0 



Horseradish 

Cauliflower 

Cucumber 

Mushroom 

Asparagus 



120 
13-0 
14*0 
16-0 
17*0 



Cabbage 18*0 

Strawberries 19*0 

Melon 22*0 

Pears 25*0 

Raspberries 47-0 



H 



The amount of carbohydrates and fats required for our daily 
nutrition cannot be determined, as they may either .replace 
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each other or be replaced by albumen. Experience has 
taught us that working men who are able to obtain sufficient 
food, eat daily from 60 to 200 grms. of fat, and from 800 to 
800 grms. of carbohydrates, besides from 120 to 150 grms. of 
albumen. Tables V. and VI. (p. 76) show us how we can 
combine such articles of nutrition in the most varied ways. 
The food must be more abundant in carbohydrates in pro- 
portion to the work performed by the muscles, and more 
abundant in fat according to the lowering of the surrounding 
temperature. Travellers in the far north relate that they 
were glad to adopt the habit, prevalent among the natives in 
those regions, of eating a pound of butter or oil in the day, 
and that the distaste for large quantities of fat returned as 
soon as they reached warmer climates. On the other hand, 
the negroes in the plantations of the tropics, while doing the 
hardest muscular work> thrive on a dietary poor in fat, but 
very rich in carbohydrates. 
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LECTURE VI. 

CONCLUSION OF OE0ANIC POOD-STUFPS — THE COMPOUNDS OP 

PHOSPHORUS AND IRON. 

In the previous chapters we have become acquainted with 
those organic substances which, according to the doctrines 
of physiology now prevailing, are requisite for the nutrition 
of man. But they are probably much more numerous. 

Certain phosphorus compounds should also probably be 
regarded as essential organic food-substances of man. In 
all animal and vegetable tissues, and in every cell, we find 
two complex organic compounds, which are very rich in 
phosphorus, lecithin and nuolein. 

The lecithins are compounds which we may regard as 
having been formed from the union of one molecule of 
glycerine with two molecules of a fatty acid (stearic acid, 
palmitic acid, or oleic acid), one molecule of phosphoric acid 
and one molecule of neurin, with the loss of four molecules 
of water. The constitution of this complex molecule has not 
yet been accurately determined ; it is possible that there may 
be several isomeric combinations of the above constituents.* 

Neurin is an ammonium base, the composition of which 
is accurately known. When heated, it splits up into glycol 
(ethylene alcohol) and trimethylamin. Its synthesis corre- 
sponds with this decomposition : Wurtz t produced it by the 

* Vide Diakonow, Centrdtb,/. d. med. Wtueruch, Nob. 1, 7, 28: 1868. Hoppe- 
Seyler, Med, ehem. Untem,, Heft ii. p. 221: 18<>7; and Heft iu. p. 405: 1868; 
Streeker, Ann, Chem, Pharm,, vol. ezlyiii. p. 77: 1868; Hundeabagen, "Zur 
Synthese des LeoithinB,'* Inaug. Dissert. : Leipzig, 1883. 

t Wttrtz, Ann. Chem. Pharm,, Suppl. vi. pp. 116, 197 : 1868. Campt. rend., 
t. Ixv. p. 1015 : 1867 : and t Ixvi. p. 772 : 1868. 
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action of ethylene oxide and water on trimethylamin. The 
formula of neurin is therefore — 

CHa 
N^CHs 

CHa CHaOH 

In the animal kingdom, neurin has, up to the present time, 
only heen found in lecithin. It was first obtained by 
Strecker * from the bile, which contains lecithin, and hence 
it was called cholin. Liebreichf found it among the pro- 
ducts of decomposition of phosphorus compounds from nerve - 
substance (brain) ; he therefore called it neurin. Diakonow 
showed that neurin was a product of decomposition of 
lecithin. In the tissues of plants, neurin is found in other 
combinations as well as in lecithin. In mustard seed there 
is an alkaloid (sinapin) which, on boiling with alkalies, is 
resolved into sinapic acid and neurin. Two alkaloids have 
been obtained by Schmiedeberg and his pupils j from the 
Amanita mi/^caWa— -amanitin and muscarin, the former of 
which was found to be identical with neurin. The latter, a 
violent poison, differs from amanitin only in possessing one 
more atom of oxygen. In fact, by the action of boiling nitric 
acid on neurin (the neurin being taken indifferently from 
amanita, from the lecithin of the brain or of yolk of egg, as 
well as that synthetically produced), an alkaloid containing 
one more atom of oxygen was successfully obtained, which 
acted poisonously in a similar manner to muscarin; the action 
on the heart, in particular, being alike in both cases. This 

* strecker, Arm, CJi&m, Pharm,, voL cxziil. p. 353 : 1862 ; vol. cxItuL p. 76 : 
1868. 

t Liebreich, ibid., ycli. cxxxiv. p. 29 : 1865. 

t Schmiedeberg^ and Koppe, *'Da8 Maskarin, das giftige Alkaloid des 
Fliegenpilses : " Leipzig, 1869; K Harmick, Arch, f. exper. Path, u. Pharm., 
ToL It. p. 168: 1875; Schmiedeberg and Harnack, Arch, /. exper. Path, u. 
Pharm,, yoI. vi. p._101 : 1876. 
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intimate connection between a sabstance contained in every 
animal and vegetable cell and a powerful poison, is a fact 
of great interest. According to the more recent researches 
of Boehm,* however, the muscarin, artificially produced by 
oxidation of neurin, is not identical with the muscarin in 
the amanita, but is isomeric ; the pharmacological action is 
different. Boehm found neurin in other fungi, and obtained 
it in large quantities from the residue of crushed cotton 
seeds and beech-nuts. 

Lecithins have, in common with . fats, to which they are 
80 nearly allied in composition, the property of solubility 
in alcohol and ether; they are also miscible in every pro- 
portion with fats ; but at the same time, they have the power 
of swelling and becoming slimy in water. For this reason, 
they appear to be peculiarly adapted for aiding the inter- 
action of watery solutions and substances not soluble in 
water, and to take part in the most various chemical pro- 
cesses in the tissues. But at present we know absolutely 
nothing about the part which the lecithins may play in any 
of the vital functions. 

The next question which must occupy our attention is, 
whether the lecithins of our tissues are produced from the 
lecithins of food, or by synthesis from other materials, 
such as fat, albumen, and phosphoric acid. It has been 
ascertained, from experiments in Hoppe-Seyler's laboratory,t 
that, in artificial pancreatic digestion, the lecithins take up 
water and readily split up into glycerinphosphorio acid, fatty 
acids, and neurin. It is not yet known whether this decom- 
position is complete in the case of normal digestion, or 
whether a portion is absorbed undecomposed, and, if so, 
how large a portion ; whether only the undecomposed part, 
when absorbed, can be utilized in the building up of the 
tissues, or whether the products of decomposition which are 

* Boehra, Arfh.f. exper. Path u. Pharm., vol. xlx. p. 87: 1885. 
t A. Bdkay, Zeittchr. /. p^'tjtiol. Ckem,, vol. i. p. 157 : 1877. 



THE ORGANIC FOOD-STUFFS— NUCLEINS. 89 

absorbed again become united; whether, finally, lecithin 
may also be formed from other material. The absorption 
of lecithin or of its products of decomposition is in any case 
complete ; neither lecithin nor glycerinphosphoric acid can 
ever be found in the faeces. The presence of lecithin in 
milk* seems to show how essential that substance is in 
nutrition. 

The generic name of NOCLEiNf has been bestowed upon 
a large number of very different organic phosphorus com- 
pounds, which are to be found in all animal and vegetable 
tissues, being especially abundant in the nuclei of cells. 
The nucleins have as yet been little investigated, and we 
have no proof that the pure substances hitherto isolated 
are chemical entities. All are alike in being insoluble in 
alcohol, ether, water, and dilute mineral acids, and in being 
soluble in alkalies. The phosphorus is given off from them 
all, as phosphoric acid, on boiling with water, and more 
rapidly so, on boiling with alkalies or acids. But the organic 
substances which are combined with the phosphoric acid 
appear to be of very varying character, and have been but 
little investigated. Most nucleins are proteid compounds, 
although a few do not contain albumen. Many, on splitting 
up, produce hypozanthin and guanin — crystalline compounds 
rich in nitrogen, which we shall describe more at length 
when we consider the chemistry of urine. The preparations 
of nuclein, hitherto analyzed, contained from 8*2 to 9*6 per 
cent, of phosphorus. 

The nucleins have much the same solubility as proteids, 

* Tolxnatscheff, Med, chem, Unteri., von Hoppe-Seyler, Heft ii. p. 272 : 1867. 

t The nuoleins were first disooveied and inTeetigated by Miesoher in. the 
nuclei of pna-corpoBoletf, and anbeeqaently in the yolk of egg and salmon-ioe 
(Med. them. Unters., edited by Hoppe-Seyler, Heft ir. pp. 441, 502: 1871; 
VerkandUmgen der natur/ondhenden OeaeUaehdft iu Bcud, vol. vi p. 138 : 1874). 
The most recent and complete experiments on nuoleins were made by Kossel, 
ZitiiKhr, /. phyncl Chem., vol. ilL p. 284 : 1879 ; vol. ir. p. 290 : 1880 ; vol. v. 
pp. 152, 267: 1881 ; ** Untersuchungen ttber die Nuoleine:*' Strassbnrg, 1881 ; 
ZeiMir.f, phyml Chem.^ vol. vi. p, 422 : 1882; vol. vii. p. 7 : 1882. 



90 LECTTURB VI. 

and are found united with these in the same morphological 
structures, but they can be separated by artificial gastric 
digestion (Lectures IX. and X.) : the proteids are peptonized ; 
the nucleins, on the other hand, are little affected by the 
gastric juice. It appears that the nucleins mostly occur in 
the tissues, not in a free state, but as compounds with 
albumen (nucleoalbumens), and perhaps also with lecithin, 
and that gastric digestion separates them from these bodies. 

We know nothing concerning the import of nucleins in 
any vital functions. 

Whether the nucleins of our tissues arise from the nucleins 
of food, in which case the nucleins would rank among^the 
number of essential food-substances, or whether the nucleins 
are formed in the body by synthesis, is a question of great 
importance, about which as little is known as concerning 
the mode in which the lecithins originate. The occurrence 
of nucleins in milk * seems to point to the former supposition 
as the correct one, whereas the slight digestibility of the 
nucleins would lead us to the latter conclusion. The experi- 
ments carried out in Hoppe-Seyler*s laboratory t showed that 
nuclein is as little affected by artificial pancreatic, as by 
artificial gastric, digestion. Nuclein was found in abundance 
in the fsBces of dogs. A quantitative determination of the 
comparative amounts of nuclein in food and in the faeces 
has not yet been made, and it is therefore not yet known 
whether the nucleins are absolutely indigestible, or whether 
a part, and, if so, how much, is absorbed. 

The following observation, made by Miescher t on Bhine 

* Nuclein was proved to be a constituent of milk by Lubarin (Hoppe-Seyler*s 
Med, ehem. UfUer$,^ Heft iv. p. 463 : 1871 ; Ber, d. detUtoh. ehem, Qu., vol x. p. 
2237 : 1877 ; and vol. xii. p. 1021 : 1879). Hammarsten showed that nuclein is 
contained in milk as nudeoalbumen {ZeUtfi^r, /. phyiiol, Chem., vol. vii. p. 227 • 
1883). 

t BiSkay, Zeitsohr.f. phytiol. Ckem., toL i. p. 157 : 1877. 

X Miescher, ** Statifetische u. biologische Beitrage zur Kenntniss Tom Leben 
des Bheinlaohses," Beparatabdiack aus der sc-hweizcritohen Literatursammlung 
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salmoiLy proves that the nncleins as well as the lecithins 
arise in the animal body by synthesis. The salmon travel 
up the river every year from the sea to spawn in the Upper 
Rhine. During the journey, the ovary grows from 6*4 to 
19*27 per cent, of the salmon's entire weight. These joumey- 
ings last from four to fourteen weeks. During the whole 
of this time they take no food ; the intestinal canal is always 
found empty. The material which goes to form the ovaries 
can only be produced by the muscles, which constitute the 
bulk of the fish's weight. Miescher showed by comparative 
determinations, made on fish of equal size, that the muscles 
disappear in proportion as the ovaries develop, and that the 
loss in weight of the large lateral trunk-muscles is sufficient 
to cover the increase in weight of the ovaries. Now, the 
ova are very rich in lecithin and nuclein; the muscles, 
however, are poor in these compounds. But the muscles 
contain phosphoric acid in abundance in another form, 
probably as potassium salts, loosely united with proteids. 
Miescher therefore concludes that the new compounds, 
characteristic of the egg, are formed from the proteid, the 
fat, and the phosphates of the muscles, a profound chemical 
rearrangement taking place. 

Perhaps cholestebin also belongs to the organic food- 
stuffs essential to man. Like the lecithins and nucleins, it 
is a normal constituent of all vegetable and animal tissues 
and of milk.* Neither do we know whether oholesterin is 
formed only in the plant, and enters the animal body either 
directly, in the form of vegetable food (in the case of herbi- 
vora), or indirectly (in the case of carnivora), or whether it 
is formed from other material contained in the animal body. 
Cbolesterin is, like lecithins and fats, insoluble in water, and 

znr interaatlonalen Fisoherei-Auastellimg in BerUD, p. 183: 1880; and Arch. 
/. Anat tt. Physicl : 1881 ; Anat. Abth., p. 193. 

* TolmateohetC; Med. ehem. Uiklem.^ Ton Hoppe-Seyler, Heft ii. p. 272 : 1867 ; 
pM Sdunidt-MOlheim, PflOger'a Arok., toI. xxx. p. 884 : 1883. 
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soluble in ether and alcohol, but is distinguished from them 
by its insolubility in boiling potash ; it cannot be saponified, 
as it is not an ethereal salt, but a monohydrio alaohol with 
the composition C26H41OH + H20, The chemical constitu- 
tion of this compound is not known. We are still in com- 
plete Ignorance concerning the physiological significance of 
cholesterin. 

Finally, there are certain compounds of iron, which belong 
to the food-substances necessary to man. 

The body contains no small amount of iron. From the 
ash of whole animals, I have found * the following quantities 
of iron per kilogramme of body-weight : — 

Tonng rabbit, 14 days old 0*044 grm. Fe. 

Young cat, 19 days old 0047 ^ „ 

If we assume the human organism to contain the same 
proportion of iron, a body weighing 70 kgrms. would have from 
3*1 to 5*2 grms. of iron. The greater part of the iron in our 
body is contained in the blood, in the form of a complex 
organic compound, hemoglobin. Our body contains, accord- 
ing to BischoJQTs t determination, from 7'1 to 7*7 per cent, of 
blood ; and the blood, according to C. Schmidt,^ from 0*049 
to 0'051 per cent. Fe, and this almost exclusively as hsBmo- 
globin. The amount of other combinations of iron in the 
blood is relatively very small. Hence it is computed that the 
quantity of iron in the blood of a man weighing 70 kgrms. 
is from 2*4 to 2*7 grms. 

We now arrive at the consideration of the question as to 
how the haamoglobin of the blood is formed. The food of 
most vertebrates contains no hssmoglobin, which is com- 
pletely absent from the food of all herbivora. Moreover, it 
is absent from the food of those camivora which feed on 

* Bimg8,\Ze<te^r./. Biolog,, toI. x. pp. S19-82S : 1874. 

t Th. L. W. Bischofi; ZeiUdtr. /. Wtsaefuch, Zoolog., toL yii p. 831 : 1855 ; 
and vol. ix. p. 65 : 1857. 

X C. Schmidt, ** Charakteristik der epidemitchen Cholera/ pp. SO, 33 : Leipzig 
smd Mitau, 1850. 
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invertebrate animals, traces of hsemoglobin being found only 
in a very few invertebrata.* Therefore, the carnivora which 
Hve on vertebrates are almost the only animals which intro- 
dacewhsBmoglobin into their digestive canals. But even here 
it is. probable that the hssmoglobin is not formed from the 
hsamoglobin of the food. Hssmoglobin splits up rapidly under 
the action of the digestive ferments, the iron separating as 
hsBmatin. It is not known whether a part of the hsematin 
becomes absorbed, as no quantitative experiments have yet 
been made to decide this point. In any case, hssmatin 
appears abundantly in the fsBces after a diet containing a 
quantity of hsBmoglobin. 

How, then, is the haemoglobin formed ? 

As inorganic salts of u^j^w^e found in the ash of all 
articles of food, it was con^HHpkat the iron was contained 
in our food as a salt, and ifllRs^aught that hsemoglobin arose 
by synthesis from an iron fiali and albumen. This opinion 
was strengthened by the success thought to be attained in the 
treatment of chlorosis with inorganic preparations of iron. 

No satisfactory scientific proof of the efficacy of iron as 
a cure for chlorosis has yet been afforded. Chlorosis is well 
known to be a malady which frequently disappears without 
medical aid. Proof that a deficiency in hsBmoglobin is more 
rapidly cured by giving preparations of iron, could only 
be furnished by statistics, f But no reliable and satisfactory 
material for statistics has yet been collected ; in fact, it would 
be a very difficult matter to do so, as the malady is seldom 
treated in hospitals. Quite recently it was thought possible 

* B. Bay liankester, Pflllgez^Biirdi., voL ir. p. 815 1 1871 ; and Proceedings of 
JToy. Soe^ No. 21, p. 70 : 1872. 

t In this oonneetioii, read 0. liebenoeister, ** Ueber WahiaoheinlichkeitBrech- 
nmig in Anwendttng anf therapentische StatLstik," in B. Yolkroann's Samndting 
WifUeeher Vortrdge^ No. 110 : 1877 ; Ed. Hagenbach-Bischoff, ** Die Anwendnng 
do Wahncheinliohkeitsieohnang auf die therapentische Staiisfcik and die 
Statirtik aberhaapV VerhandL d. naturfonehenden Geg. in Basel, ih. 6. Heft iii 
p. 516 : 1878 ; A. Fiek, ** Medicinische Physik." Braunschweig : 1885 ; Anhang : 
''Uebev Anwendnng der WaUrsoheinliohkeitsrechnang auf mediciniaohe Staiistik.'' 
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to trace a closer causal connection between the internal 
administration of preparations of iron and the increase of 
haemoglobin, by counting the blood - corpuscles before and 
after the iron was taken, or by photometrically estimating 
the amount of hsBmoglobin in the blood. But it is overlooked 
that in this way only the post hoc, and never the propter hoc, 
can be proved.* The post hoc may be more readily and 
more simply recognized by the increased redness of cheeks, 
ears, and gums. The propter hoc can only be proved by 
statistics, and these have not yet been furnished. 

It is, nevertheless, noteworthy that there are few remedies 
of the efficacy of which almost all physicians are so firmly 
convinced, as of that of iron in cases of chlorosis. Nor is 
it one of those remedies which are recommended one day, 
considered infallible the next, and forgotten again in a short 
time. The administration of iron is as old as the history of 
medicine itself. Even those sceptics who doubt the value 
of all other drugs believe in it, and assure us that chlorosis, 
which is frequently of so obstinate a nature, will almost 
invariably yield in a few weeks to a vigorous treatment with 

iron.t 

Even if we acknowledge that there is a causal connection 
between the internal administration of preparations of iron 

* It mnst, moreover, be coneidered that the increaBe or diminution of the 
abflolate amount of hsBmoglobin in the total blood can never be determined by 
estimates of :^e quantity of hemoglobin in a minute quantity of the blood. 
There may be the same absolute amount of blood-corpuscles, and yet their number 
may vary greatly in the miorosoopio quantity, because the contentd of the whole 
vascular system are constantly undergoing very considerable fluctuations, whereby 
a part of the plasma flows backwards and forwards from the vascular system into 
the lymph-spaces. The relative proportion of the blood-corpuscles to the plasma 
may be altered without any change in the abaolute amount of corpuscles in the 
vessels tckking place. Compare Andreesen, ** Ueber die Ursachen der Schwan- 
kuugen im Yerhaltnissder rotheu Blutkorperohen zum Plasma,'' Dissert.: Dorpat, 
18S3. 

t It must be granted that it would be quite possible for an unprejudioed 
observer, with a good memory, to collect ample material for statistics, and to 
draw from' them correct and logical oonolusionsr without having published a 
statistical proof. In other practical departments which have to do with the 
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and the increase of hffimoglobin in chlorosis, it stiU remains 
an open question whether the connection is of so direct and 
simple a natare as is usually imagined. Do the preparations 
of iron really produce the material for the formation of 
hsBmoglobin ? Or does the iron operate indirectly, by helping 
on the formation of hsBmoglobin, or by hindering its destruc- 
tion? 

The theory that the preparations of iron are used in the 
formation of hsBmoglobin is open to the following objections. 

In the first place, we do not know whether the inorganic 
preparations of iron are in any degree absorbed. Most 
careful experiments were made by Hamburger,* on a dog, 
in order to decide this question. A biliary fistula was first 
formed ; but, unfortunately, the attempt to collect the bile had 
to be abandoned, because it would only flow spasmodically, 
and the faeces were not free from bile. The dog, which 
weighed 8 kgrms., was given 800 grms. of meat a day, con- 
taining 15 mgrms. Fe. It had thus taken 180 mgrms. Fe in 
twelve days, the duration of the experiment. Of this amount, 
38*4 appeared in the urine, 186*8 in the fsBces, and 1*8 in the 
bile ; altogether 176*5 mgrms. During the subsequent nine 
days, 49 mgrms. Fe, in the form of sulphate of iron, were 
added to the previous diet. At the end of these nine days, 
the first allowance of meat was resumed for four more days. 
In the thirteen days, therefore, 195 mgrms. were taken in the 
meat, and 441 as sulphate of iron; altogether 686. The 
quantity excreted amounted to 58*4 in the urine, 549*2 in 
the fffices, 0*8 in the bile ; altogether 608*4. 

The increase of excretion in the urine is very inconsider- 
able. Before the sulphate of iron was given, the average 

intricate phenomena of life— Booh aa farming, landscape gardening, the rearing 
of cattle, hunting, flflhing— thoasanda of obeervationa are, aa a matter of fact, 
made in this way, and subsequently confirmed by science. On the other hand, 
in setenoe we are fully justified in not accepting a conclusion nntU the grounds, 
upon which that condusion is based, are laid before us. 

* £. W. Hambuzxer, Zeitsehr, f. phy$ioL CAem., voL iL p. 191 : 1878. 
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daily excretion of iron in the mine amounted, during the last 
six days, to 3*6 mgrms. This quantity remained unaltered for 
the first five days after sulphate of iron was given; during 
the next six days it increased, on an average, to 2 mgrms. 
a day — altogether, therefore, to 12 mgrms. — after which it 
returned to the normal amount. In a second experiment, 
carried out in the same way, Hamburger obtained a like result. 

The differences between supply and discharge do not 
justify any conclusion, as they are exposed to unavoidable 
sources of error in experimentation. Neither can any decisive 
deduction be drawn from the small increase of excretion in 
the urine. It is noteworthy that in both experiments, the 
slight increase of excretion did not appear for several days. 
This fact perhaps points in the same direction as the results 
of the experiments of Robert * and Cahn t on the absorption 
of manganese salts. From them it appears that the healthy 
epithelium of the intestine does not allow the manganese salts 
to pass, and that the latter do not get into the organism until 
the epithelium has been corroded. 

It would follow that combinations of iron are not absorbed 
at aU. 

A sceptical observer, however, would not be satisfied with 
this conclusion. He would first object that perhaps the 
amount of iron required by the organism for the formation of 
hsBmoglobin is so small that it is open to the errors of a 
quantitative experiment on metabolism. He would, more- 
over, object that it does not necessarily follow that iron is 
unabsorbed because there is no increased excretion of iron by 
the kidneys, for it is possible that the iron may be absorbed, 
but eliminated in some other way. The question of the 
absorbability of compounds of iron cannot be decided until 
the preliminary question concerning the mode by which the 
iron is excreted has been settled. 

* Robert, Areh,f, exper. Path, u, Pharm.^ toL xvi pp. 378-380 : 1883. 
t Oahn, ibid., toL ZYiii. pp. lil-143 : 1884. 
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The amoant of iron which, under normal conditions, appears 
in the urine is always very small. On the other hand, it is 
found in abundance in the fasces. But it remains undecided 
how much of this iron is unabsorbed and how much is iron 
which has been re-excreted into the intestine. The amount 
of iron must therefore be estimated in the faeces of fasting 
animals. Bidder and Schmidt* found in the urine of a 
fasting cat from 0-0014 to 0*0017 grm. Fe daily, and from 
six to ten times as much in the fadces. The question arises, 
by what path did the iron reach the fasces ? It has frequently 
been affirmed that the iron is conveyed to the intestine by 
the bile, but of this I have not been able to convince myself. 
After incineration of large quantities of the bile of the ox, pig, 
dog, and man, I have only found imperceptible traces of iron 
in it. In the bile secreted in twenty-four hours by a dog fed 
on meat, Hamburger t could only find iron in such small 
proportions that it could not be estimated, and after the 
internal administration of sulphate of iron no increase could 
be detected. Of the remaining secretions poured into the 
intestine, the gastric juice, according to the analyses hitherto 
made, contains the most iron, and much more than the bile. It 
may be that the iron is excreted through the intestinal wall, 
perhaps by the aid of leucocytes, which appear to play an 
active part in excretion as well as in absorption. To me the 
most natural explanation seems to be, that the iron found in 
the excreta of fasting animals arises from the rejected epithelial 
cells of the intestine. The dried epitheUum of the intestine 
contains, according to G. Schmidt's analysis, 0*46 per 
cent. Fe | — ^more than haemoglobin itself. 

If solutions of salts of iron be injected into the blood or 
under the skin, they reappear again on the surface of the 
intestine. But it does not follow that the compounds of iron, 

* Bidder and Schmidt, Die VerdauungsBofU und der Stoffweeksd, p. 411 : 
Milan and Leipcig, 1852. 

t Hamburger, Zeitsehr,/, phy$iol, Ckem., vol. iv. p. 248 : 1880. 
X Bidder and Schmidt, Joe, cit^ p. 2G7. 

H 
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resulting as ultimate products of the normal metabolism, 
must take the same path. 

Buchheim and Mayer * found that, a few hours after the 
injection of salts of iron into the jugular vein of a fasting 
animal, the intestinal mucous membrane was covered with a 
secretion rich in oxide of iron. This fact is at variance with 
the result obtained by Quincke,! who, after the injection of 
lactate of iron into the jugular vein, did not observe any iron 
in the portion of intestine isolated according to Thiry's 
method (see Lecture XL). But the isolated knuckle of 
intestine did not necessarily retain all its normal functions. 
Moreover, the excretion of iron does not necessarily go on in 
all parts of the intestine. 

The observations of Gahn on salts of manganese are in 
complete harmony with those of Mayer on salts of iron. 
When salts of manganese were injected into the blood of 
rabbits, they reappeared in the urine, and in the contents of 
the stomach and intestine, and were to be found in abundance 
in the intestinal wall after thorough washing. On the other 
hand, if manganese salts were introduced by the stomach 
for a long consecutive period, no manganese could be found 
in the mucous membrane of the intestine after washing, nor 
did any pass into the urine.. 

There can be little doubt, therefore, that the manganese 
found in the intestinal wall was arrested on its way to excretion. 

If we consider how delicate are the methods at our com* 
mand for tracing manganese in the ash, an objection can 
hardly be raised to the conclusion that manganese salts are 
not absorbed by the intestine. 

Unfortunately, iron cannot be traced along the paths of 
absorption and excretion with the same certainty, because it 
is a normal constituent of all tissues and excretions. 

* Aug. Mayer, ** De ratione, qua ferrmn mutetur in oorpore," I>i8aert : 
Borpati, 1850. 

t H. Quincke, Du Bois' Arch,, p. 150 : 1868. 
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After the injection of salts of iron into the blood, symptoms 
of poisoning appear, sach as reduced blood-pressure, intestinal 
disturbances similar to those caused by arsenic and antimony, 
disturbances of the voluntary movements by paralysis of 
the central nervous system.* A part of the iron is excreted 
through the kidneys, and causes renal disease.! None of 
these occurrences are observed after the introduction of salts 
of iron into the stomach, a fact which also agrees with the 
view that iron is not absorbed from the stomach. At the same 
time, one more objection may be urged, even at the risk of its 
appearing strained. It is possible that the iron, when ab* 
Borbed from the intestine, may be converted, perhaps on its 
way through the liver, into an organic compound, which is 
harmless and is not excreted through the kidneys. Such 
conversion is not without analogy. 

Ji, therefore, it cannot yet be decisively affirmed that salts 
of iron are not absorbed, still it appears highly probable from 
the above arguments that they are not. It is fair to assume 
that Hamburger's observations about iron merit the same 
interpretation as the unequivocal results obtained by Cahn 
with manganese. 

As far as the power of absorption is concerned, it does 
not make much difference which iron salt is introduced into 
the stomach. They are all converted into chlorides of iron in 
the gastric juice. On coming into contact with the intestinal 
wall, which is always alkaline from the carbonate of soda, 
the chloride is turned into oxide, which remains in solution, 
owing to the presence of organic substances ; the subchloride 
is converted into ferrous carbonate, which is soluble both in 
carbonic acid and in organic substances. The non-absorb- 
ability cannot, therefore, be explained by its insolubility. 
Finally, by the action of the sulphur compounds and of tho 
reducing agents in the intestines — the nascent hydrogen and 

• Meyer and Williams, Arch, f, exper. Path, u, Pharm.t vol. xiii. p. 70 : 1880. 
t Kobertf /oc. (Hi, . • •. •' 
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other readily oxidized products of decomposition — ^the com- 
pounds of iron are converted into sulphide of iron and elimi- 
nated with the faeces. The combinations of ferric oxide' with 
organic acids behave in the same way. The proteids are also 
to be classed among the organic acids. The albuminates of 
iron are likewise immediately split up by the hydrochloric 
acid of the gastric juice, subchloride or chloride of iron being 
formed.* 

Our food must therefore contain iron in combinations 
which are not destroyed in the alimentary canal, and which 
are capable of being absorbed, and of yielding^material for the 
formation of hsamoglobin. 

In order to become acquainted with the precursors of 
hsBmoglobin, I have examined the compounds of iron in yolk 
of egg and in milk.f Yolk of egg contains no haBmoglobin ; 
it musty however, contain a precursor of the latter, for when 
the egg is hatched, hsBmoglobin is formed from its consti* 
tuents without extraneous aid. In the same way, milk, as the 
exclusive food of the infant, must also contain the material 
necessary to form blood. 

If the yolk of a hen's egg be treated with alcohol and ether, 
no iron passes into the extract. All the iron is found in the 
residue, which forms one-third of the dry substance of the 
yolk, and consists of proteids and nucleins. The large amount 
of iron in this residue is not in the form of a salt. This is 
proved by the fact that the iron cannot be extracted with a 
solution of hydrochloric acid and alcohol. All saline com- 
binations of iron with inorganic and organic acids, among 

* If it is immaterial, from the point of view of abeorptlon, which pvepaiation 
of iron is selected in practice, the phyBician has to take other points into considera- 
tion. He mnst be very oarefnl not to injure the gastric mucous membrane. 
Baits of iron in an acid solution are caustic, but not so in an alkaline solution. 
For this reason, iron is best given in the form of pills coated with gum ; this is 
not dissolved till the small intestine is reached, after which the iron cannot 
exercise a caostic effect upon the coat of the intestine, which is bedewed with on 
alkaline secretion. 

t O"* Runge, Zeit4ct^, f. phyHol. Chem., vol. ix. p, 49 : 1884. 
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the latter of which albumen must be classed, yield the iron 
immediately on treatment with alcohol containing hydro- 
chloric acid. The residue of the yolk, which is insoluble in 
ether, is readily soluble in very dilute (1 per 1000) hydro- 
chloric acid. If tannic or salicylic acid be added to this 
solution, a white precipitate appears. But if to the same 
solution the smallest trace of chloride of iron be added, 
and well shaken, and a further addition of tannic or salicyUc 
acid be made, it becomes at once blue or red. 

Iron occurs in yolk of egg in the form of a nucleoalbumin- 
ous compound. On digesting the yolk with artificial gastric 
juice, the proteids become peptonized, and the iron is found 
in the undigestible, insoluble residue as nuclein.* The iron 
from this nuclein, again, cannot be extracted by alcohol and 
hydrochloric acid, but it separates out slowly in a dilute 
hydrochloric acid, and with greater rapidity in proportion to 
the strength of the acid. 

The nuclein containing iron is soluble in ammohia. If 
to the solution of ammonia some ferrocyanide of potassium 
be added, and it be then saturated with hydrochloric acid, a 
white precipitate occurs which gradually becomes blue, with 
a rapidity in proportion to the excess and strength of the 
hydrochloric acid. If, instead of the ferrocyanide, ferri- 
cyanide of potassium, and then hydrochloric acid, be added 
to the ammoniacal solution, the precipitate which occurs 

* The nuolean of the yolk of egg was first isolated by Miesoher. His method 
of isolation differed &om mine, and I imagine that the iron was mostly separated 
from its combination by the action of the hydrochloric acid of the gastric juice. 
Otherwise the considerable amoant of iron could not haye escaped Miescher's 
attention. I allowed the pepsine-ferment to act for only a yery short space of 
time on the solution of nuoleoalbumen in yery dUute hydrochloric acid. In 
Mieseber's process, a gastric juice, containing from 3 to 4 per 1000 HCl (10 cc. of 
fuming hydrochloric acid to 1 litre of water), acted from eighteen to twenty-four 
houn at 40° C. on the yolk of egg, extracted with ether and alcohol. In my 
process the amount of hydrochloric acid was only a little more than 1 per 1000, 
and the heating up to the temperature of the body was stopped as soon as the 
nuclein compound of the iron began to separate from the solution as a cloudy 
pTTcipitate (see Miescher in Hoppe-Seyler's Med. chem. Unter$., pp. 504, 4.'>4). 
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remains white. The iron, therefore, separates from the 
organic compound as an oxide, and not as a suboxide. 

If to the ammoniacal solution of the nuclein containing 
iron a drop of sulphide of ammonium be added, there is at 
first no change in colour; after a little time it becomes 
greenish, and gets gradually darker, until at last, on the 
following day, it is black and opaque. The change of colour 
occurs more rapidly if more sulphide of ammonium is added. 
Ammoniacal solutions of artificial albuminates of iron change 
their colour almost instantly on addition of sulphide of am- 
monium. 

It follows that the iron is more firmly fixed in the nuclein 
of the yolk of egg than in the albuminates of iron ; but far 
more loosely than in hsematin, in which it cannot be detected 
with the ordinary reagents. 

The elementary analysis of the nuclein which contained 
iron gave the following composition : — 
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This compound is doubtless the precursor of haemoglobin, for 
there is no considerable quantity of any other compound of 
iron in the yolk. I have therefore proposed that this com- 
pound should receive the name hssmatogen (blood-former). 
If the phosphorus be separated from the hsBmatogen in the 
form of phosphoric acid, a molecule remains, which contains 
the same amount of iron as hemoglobin. The haBmoglobin 
of hen's blood contains 0*34 per cent. Fe.* 

I have not yet succeeded in isolating the compounds of 
iron in milk. At present I will only say that they are like- 

* A. Jaqtiet, ** Beit. z. KeimtniM des Blutfarbgtoffes." Diasort. : Basel, 1889. 
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wise organic compounds, which is also trae of the iron in our 
most important articles of vegetable diet, the cereals and 
leguminosffi. In these iron is contained, not as a salt, but as 
a stable organic compound. This may probably be taken as 
true of all food consumed by animals. HsBmoglobin is formed 
from complex organic compounds of iron, which are produced 
by the vital process of the plant. 

We will now return to the question of the action of iron in 
chlorosis. Our previous observations have rendered three 
conclusions probable, which we must harmonize with one 
another: 1. The inorganic preparations of iron promote the 
formation of hsBmoglobin in chlorotic subjects. 2. The salts 
of iron are not absorbed at alL 3. Our food contains only 
organic forms of iron. 

It appears to me that the following hypothesis reconciles 
all three conclusions, and is not opposed to anything that we 
know. We must assume that the organic compounds of iron 
are in some way protected from decomposition in the digestive 
canal by the preparations of iron. I have already mentioned 
that sulphide of ammonium gradually separates the iron from 
the organic compound of iron. Now, alkaline combinations of 
sulphur are also found in the intestine, especially in digestive 
disturbance, which is invariably one of the symptoms of 
chlorosis. If inorganic compounds of iron are present, they 
will at once fix the sulphur of the alkaline sulphides, before it 
can act upon the organic compounds of iron. The latter are 
thus preserved from decomposition, and are absorbed. 

It appears that in chlorosis the amount of gastric juice 
secreted is insufficient (perhaps by reason of the poorness of 
the blood), and that, in consequence, fermentative organisms 
are introduced into the intestine. The chief importance of 
the gastric juice probably lies in the antiseptic action of 
the free hydrochloric acid (compare Lecture IX.). Should 
the amount of hydrochloric acid be insufficient, fungi 
and bacteria get into the intestine, particularly those which 
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produce butyric fermentation. In butyric fermentation, 
however, hydrogen is set free, and, by the reducing action 
of the nascent hydrogen, alkaline sulphides are formed from 
the compounds of sulphur in the food. These decompose the 
organic compounds of iron. In this respect a recent sug« 
gestion, that hydrochloric acid is a more effectual remedy for 
chlorosis than iron, should be taken into consideration.* 
Again, the experience of physicians, that iron is only of use 
in cases of typical chlorosis, and not in other forms of 
anaemia, agrees well with my hypothesis. In all those forms 
of anaemia caused by disturbances in blood-formation outside 
the intestinal wall, the preparations of iron which cannot be 
absorbed are naturally useless. 

Finally, the doctrine in which most physicians are agreed, 
that iron is only effectual in large doses, is in harmony with 
my hypothesis. Considerable quantities of iron are necessary 
to render the alkaline sulphides formed in the intestine inert, 
whereas a very small amount would suffice for the formation 
of haemoglobin. 

At the same time, I must expressly state that my hypo- 
thesis is only meant to explain the way in which the iron 
operates, -and not the reason for chlorosis. The etiology of 
chlorosis still remains obscure. It is not necessary that 
digestive disturbance should have ushered it in. Virchow f 
has called attention to the fact that, in chlorotic persons on 
whom a post-mortem has been made, there is a defective 
formation of the vascular system, and especially of the heart 
and of the great arteries, and he is of opinion that this is 
not in consequence of want of blood ; that it is not a question 
of atrophy, but of aplasia, or, more properly, hypoplasia. 
The predisposition of the female sex during the period of 
puberty to chlorosis also argues against the supposition that 

* Zander, Virchow'a Ar6h.t vol. Ixxsiv. p. 177: 1881. 

t Virohow, ** Ueber die Ohiorose und die damit zusammenhangenden Anoma- 
lien im GeHUsapparate, insbcsondere Uber Eadocarditis puerperalis/' Vortrag. : 
Berlin, 1872. 
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distarbancee of the digestiye organs have much to do with it. 
In fact, these disturbances only prevent the organism from 
overcoming the malady by the means already at its disposal. 
I should like to refer once more to Hamburger's experi- 
ment. The small increase in the excretion of iron through 
the kidneys, which was observed after sulphate of iron was 
taken internally, may possibly also be explained so as to 
suit my hypothesis. The inorganic salts of iron may have 
preserved the organic iron compounds of the meat-diet from 
decomposition in the intestine. As a matter of fact, the iron 
appeared in the urine, not as an inorganic salt, but as an 
organic combination.* 

* That iron ib contained in the nrine as an organio oomponnd, and, moreover, 
in the form of oolonring-matter, was first shown by G. Harley, Verhandlungen 
der phynkaliseh-ehemuehen OeteUtehaft in Wurzburg, vol. v. p. 1 : 1855. 
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LECTURE VII. 



THE INOBGANIO POOD-STUFFS. 



In our previous remarks on alimentary substances, we have 
not given any account of the inorganic materials, salts and 
water. 

In deciding the question of man's need for inorganic salts, 
we must clearly distinguish between the growing and the 
adult body. It is evident that the former requires a con- 
siderable amount of iQorganic salts for its development. 
The quality and quantity needed may be best seen from the 
composition of milk. An infant weighing 6 or 7 kgrms.* 
takes about a litre (35^ fluid ounces) of milk daily. This 
contains f — 

Na,0 

CaO 

MgO 

p,o. .. .. 

\jy • • « « « • 

It would be very interesting to compare the composition 
of milk-ash with that of the total ash of the infant. But, 

* This is what an infant nsuaUy weighs in the sixth month. I ohoose this 
stage for the ahoye table, because the numbers are of a suitable size. Assuming 
that the need for inorganic salts is in proportion to the bodj-weight, the decimal 
point has only to be moved one figure to the right, in order to ascertain the 
amount required by an adult. But these figures can only be taken as a maximal 
yalue. As we shall see (p. 113), it is probable that the adult does not require 
nearly so large an amount of inorganic salts. 

t G. Bungc, Zeitechr,/, Biolog., vol. x. p. 316: 1874. 
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unfortunately, [no analysis of the total ash of an infant has 
ever been made. A comparative analysis of the ash of dog's 
milk and the total ash of a sacking puppy resulted in the 
following figures,* which I give together with the analysis of 
the ash of blood, and another of the total ash of a young 
rabbit and a kitten while being suckled : — 



One hundred parts of 


Socking young of animals. 


Dog's 
milk. 


Dog's 
blood. 


Dog's 

blood- 
serum. 


Mb contain 


Babbit. 


Dog. 


Cat. 


K,0 

Na,0 

CaU 

MgO 

Fe.O, .. .. 

Ih. :: ;: 


10-8 
60 

350 
2-2 
0-23 

41-9 
4-9 


8-5 
8*2 

35-8 
1-6 
0-34 

39-8 
7-3 


101 
8-3 

341 
1-5 
0-24 

40-2 
71 


10-7 
61 

34-4 
1-5 
014 

87-5 

12-4 


31 

45-6 

0-9 

0-4 

9-4 

13-2 

85-6 


2-4 
521 
21 
0-5 
012 
5-9 
47-6 



This table shows the remarkable fact that the proportion 
of the various inorganic substances to each other in milk, is 
almost the same as it is in the whole body of animals while 
they are being suckled. This correspondence is the more 
remarkable as the quantitative composition of the inorganic 
residue of blood is completely different. But the epithelial 
cells of the milk-glands do not derive their nourishment 
directly from the blood, but from the lymph which has 
transuded from the latter ; and the composition of the ash 
of lymph differs much more. The fact that the ash of milk 
contains more potassium and less sodium than the total ash 
of young animals while being suckled, may be teleologically 
explained by the fact that, as I have proved by a series of 
analysesyt the animal always as it grows becomes richer 
in potassium and poorer in sodium ; this probably depends 
on the relative increase of the muscles, which contain an 
abundance of potassium, and the relative diminution of the 
cartilage, which is rich in sodium. The larger amount of 

* Bunge, loc. eit., p. 826 ; and Du Boib* Arch., P- 539 : 1886. 
t Bungo, loe. cU.^ p. 324. 
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chlorine in milk may perhaps be explained by the fact thai 
the chlorides are nsefal, not only in the construction of the 
organs, but also in the preparation of the digestive secretions, 
and that those chlorides, which have reached the intestine 
with the digestive secretions, do not again become completely 
absorbed. It appears also that the chlorides are concerned 
in renal secretion. The nitrogenous products of metabolism 
cannot be eliminated simply in the form of aqueous solu- 
tions ; the presence of chlorides is also necessary.* This is 
shown by the fact, among others, that diuretics also increase 
the excretion of chlorine. 

It follows that the inorganic constituents are all appro- 
priated by the epithelial cells of the nulk-glands from the 
blood-plasma (which is of a totally different composition), in 
the exact proportion required by the young animal for its 
development into an organism like that of the parent. 

This fact alone refutes all previous attempts at a mechani- 
cal explanation of the activity of the glands. It cannot be 
objected that the secretion of milk does not correspond with 
the composition of the sucking animal, but, on the contrary, 
that the tissues of the latter are built up in accordance with 
the composition of the milk ; for the incinerated puppies were 
only four days old, and were therefore bom with an ash of 
a composition corresponding to that of the milk-ash. We 
also find a similar composition of the total ash as far down 
as the lower vertebrates, which have no milk-glands. 

I must, however, call attention to one discrepancy in the 
constitution of the ash of the sucking animal and that of 
mUk — this relates to iron. As the above figures show, there 
is much less iron in the ash of milk than in the ash of the 
sucking animaL In a second analysis of the ash of dog's 
milk, I found only 010 per cent. Fe203, or less than one- 

** The chlorides are ocoasionaUy absent from the urine in certain febrile 
diseases, especially in pneumonia. See F. Rohmann, Zeiischr. f. hlin, Med,^ 
vol. i. p. 512 : 1880. 
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third of the amount of iron in the ash of the puppy. There 
is a still greater difference in the following analysis, for 
which I incinerated a puppy a few hours old, before it had 
been suckled ; so as to ascertain the composition of the ash, 
totally free from the components of milk, and to compare it 
with the composition of the milk-ash of the puppy's mother.* 
The result was as follows : — 





New>t)oni puppy. 


Dog's mUk. 


K,0 . . 


11-42 .. 


. . 14-98 


Na,0 .. 


10*64 .. 


. . 8-80 


CaO .. 


29-52 .. 


. . 27-24 


MgO .. . 


1-82 .. 


.. 1-54 


Fe,0, .. 


0-72 .. 


012 


PA .. . 


. 89-42 .. 


.. 84-22 


01 


8-35 .. 


. . 16-90 



Iron is the only inorganic constituent which forms any 
considerable exception to the similarity of the two ashes. 
The object of this close resemblance is evidently to effect the 
greatest possible economy. The maternal organism does not 
part with anything that would be useless to the puppy. Any 
excess of a component in the ash of milk could not be 
utilized in the growth of the puppy, but would be wasted. 
This wonderful arrangement appears to be nullified by the 
small amount of iron in milk. There is six times less iron 
in milk than in the ash of the puppy. The maternal or- 
ganism thus appears to part with six times more than is 
required of all the remaining inorganic bodies. One-sixth 
only is utilized in the construction of the tissues, five-sixths 
are wasted ! 

The explanation of this apparent contradiction lies in 
the fact, that the young animal acquires the store of iron 
necessary for its growth before birth. The following analyses 
show that the amount of iron in the whole organism is 
highest at birth, and that it gradually diminishes with the 
development of the animal. 

* G. Bange, Zeitwhr, / physiol Chem., vol. xiii. p. 399 : 1889. 
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The proportion of iron to. 1 kgrm. of body-in^eight is as 
follows : — 

Babbit, killed direoUy after birth . . . . 120 milligrm. Fe. 

Babbit, 14 days old 44 „ 

Puppy, 10 hours old 112 „ 

Puppy, from the same litter, 3 daya old . . 96 „ 

Puppy, from the same litter, 4 days old . . 75 „ 

Kitten, 4 days old 69 „ 

Kitten, 19 days old .... . . 47 ^ 

The following estimates * of iron in the livers (cleansed 
from blood) of a newly bom puppy and of two full-grown 
dogs are in harmony with these figures. 

The proportion of iron to 100 parts by weight of liver 
dried at 110° C, is as follows : — 



Puppy, juBt after birth 391 milligrm. Fe. 

78 

2 43 



Full-grown dogs | 



The proportion of iron in the liver is therefore from five 
to nine times greater immediately after birth, than it is in 
the full-grown animal. The object of this arrangement is, 
perhaps, to be sought in the evident difficulty of assimilating 
organic compounds of iron (compare Lecture YI.). Hence 
the maternal organism economizes the acquired store as 
much as possible. The quantity necessary for the infant 
can enter the organism in two ways : through the placenta 
and through the mammary gland. The former is adopted as 
being the more certain. If the bulk of the organic com- 
pounds of iron were afforded by the mammary gland, it 
might become a prey to bacteria in the alimentary canal, 
before it had time to be absorbed. But if it enters the 
infant organism through the placenta, its safety is assured. 

We have thus seen how the most suitable provision is 
made for the introduction of all the inorganic salts into the 
infant organism. We now know exactly what salts are re- 
quired by the growing animal, and in what proportion each 
must be introduced. We may now, therefore, ask whether 

 St. Zaleski, Zeittehr, f. physiol Cliem,, vol. x. p. 453: 1886. 
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the child, in passing from milk to another form of diet, will 
continue to obtain these inorganic salts in sufficient quanti- 
ties. In answer to this question, I give the following table 
containing the most reliable determinations of the constituents 
of the ash from the most important articles of diet, together 
with analyses of the ash from milk. The articles of diet are 
arranged according to the ratio of lime contained. 

la 100 Pabtb of Dried Substakcb thb Pbofobtiohs abb^ 



Wheat 
Potato 

Egg-albumen 
Peas .. 
Ennuuimilk . 
Yolk of egg , 
Gow'a milk . 



K,0. 


N»,0. 


CaO. 


MgO. 


Fe,0.,. 


P,0.. 


1-66 


0-32 


cose 


0152 


002 


1-83 


0-62 


006 


0065 


024 


0026 


0-94 


2-28 


Oil 


0100 


019 


0042 


0-64 


144 


145 


0180 


013 


0026 


0-20 


113 


003 


0187 


0-22 


0024 


099 


0-58 


017 


0-848 


005 


0003 


0-35 


0-27 


017 


0*880 


006 


0040 


1-90 


1-67 


105 


1*51 


20 


0003 


1-86 



a* 



0*28 

(?) 
013 

1-32 

(?) 
0-32 

0-35 

1-60 



The above table shows that the other articles of food 
possess all the inorganic constituents in as large or in a 
larger quantity than milk. Lime is the only inorganic 
material which we have to provide for in the choice of a 
child's food. If brought up on meat and bread, a child 
would probably not obtain the lime requisite for the growth of 
its frame. The leguminosaB contain more ; but the only food 
which has the same amount as milk, is the yolk of egg, which 
should, therefore, always be given_Jo,_children_whfliL jn^ 
either not procurable or cannot be digested. Considerable 
quantities of lime occur in spring- water, but it is not known 
whether these are assimilated. Lime is found combined with 
organic substances in food ; it is, therefore, irrational to pre- 
scribe lime for children in the form of inorganic compounds. 
In medical practice, rickety children are constantly being 
ordered fk couple of teaspoonfuls of lime-water. This is 

* The amoQQt of chlorine in cereals and legaminoesB has never yet been 
correctly determined^ too low an estimate having been formed. Concerning 
this, see Behaghel von Adlerskron, ZeiUchr, f. analyt. Chem., vol. xii. : 1873. 
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useless, because the amount ordered is far too small. A 
saturated solution of lime contains less lime than cow's milk. 
In a pint of cow's milk I found 1*7 grm. CaO; a pint of 
lime-water contains only 1'8 grm. CaO- 

The nature and causes of rickets are still quite unknown. 
It is- a fact that artificial feeding of growing animals on a 
diet containing little lime, can produce a diminution of the 
salts of lime in the bones, rendering them abnormally pliable 
and brittle. It is also affirmed that in several experiments 
of this nature, true rickets has been produced with all the 
characteristics of this disease.* But it is equally a fact that 
children become rickety who have never suffered from want 
of lime in their food. In these cases, it seems obvious to 
suppose that, owing to disturbed digestion, the lime-salts 
have not been adequately absorbed, or that, in spite of 
adequate absorption, they have not been assimilated owing 
to abnormal processes in the bone-forming tissues. All 
speculation on the truth of either theory is quite useless, 
tmtil we have careful and reliable experiments on the 
metabolism of rickety children compared with that of healthy 
ones of the same age, and brought up on the same food. 

The above table further shows that milk contains from 
seven to fourteen times less iron than the other articles of 
food. This is as we should expect. Oar observations on 
the high percentage of iron in the organism just after birth 
demonstrate that the amount of iron in milk is insufficient 
for its growth. From this the important practical lesson 
may be drawn, that milk should take a subordinate rank in 
the diet of a child when it is weaned, and in the diet of 
persons suffering from poorness of blood. The staple food 
must contain a much larger quantity of iron. 

Finally, the above table shows that cow's milk, compared 

• Erwin Voit, Zeitschr, /. Biolog,, vol. xvi. p. 55 : 1880. An account of the 
previons literatnre will also be found here. See farther, A. Baginsky, Virehow's 
Arch., vol. IxxxTii. p. 801 : 1882; and Seemann, Zeitsehr. /. hlin. Med., vol. v. 
pp. 1,152: 1882. 
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with organio food-stuffs, is much richer in inorganic salts than 
human milk. This may be teleologically explained by the 
fact that the calf grows much more rapidly than the infant. 
It is, therefore, probable that the adult organism could exist 
with a very small amount of salts; in fact, it is d priori 
difficult to see what the constant addition of salts is required 
for. Inorganic salts serve a totally different purpose to the 
organic food-stuffs. The latter act as sources of energy; 
chemical potential energy is introduced with them into our 
tissues, and is converted by the decomposition and oxidation 
of these organic substances, into all those forms of kinetic 
energy which make up life as understood by our senses. 
They serve us by the very fact of their decomposition. The 
necessity for their constant renewal is not only a matter of 
experience ; it is also at once apparent on ct priori grounds. 
Inorganic salts must be regarded from a different point of 
view. These are already saturated compounds of oxygen, or 
chlorides, which Ukewise have no affinity for oxygen. No 
energy is set free in the body by their decomposition and 
oxidation ; they can in no way become used up and useless. 
Why, therefore, are they renewed? Even water behaves 
differently to the salts ; it assists in the elimination of the 
waste products of tissue-metamorphosis. The kidneys can 
only separate the nitrogenous substances when in a watery 
solution. The diffusion of gases in the lungs is only possible 
while the surface of the lungs is moist. The expired air is 
saturated with watery vapour. The evaporation of water 
from the surface of the skin plays a most important part 
in regulating the heat of the body. The a priori necessity for 
a constant supply of water is thus likewise evident. But it 
is otherwise with the salts. It is conceivable that if only the 
organic aliments and water always entered the organism in 
sufficient quantity, the inorganic salts arising from the decay 
of the tissues might again be used in the reconstruction of 
the tissues. Even if a little waste were unavoidable, as by 
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excretion with the faeces, in consequence of incomplete 
absorption of the gastric joiceSy by the scaling off of the 
epidermis, the loss of hair, etc., yet we might expect that 
the fall-grown organism would cling firmly to its store of 
salts, and would require but a very small additional supply. 
The constant supply of salts in considerable quantities is not 
an ^ priori necessity for the adult. 

We must, therefore, determine the question by experiment. 
We might feed a full-grown animal for a long period exclu- 
sively on organic aliments and water, and ascertain the dis- 
turbances that would occur, and the length of time it would 
live on such a diet. This experiment on the fundamental 
interchange of tissues had, until quite recently, only once 
been made by Forster, Yoit's assistant in Munich.* 

Forster met with insuperable difficulties when he tried to 
obtain food free from ash. It is possible to get carbohydrates 
and fats free from ash, but no one has yet succeeded in 
separating albumen from all inorganic matter. Even the 
crystalline proteid contains all the constituents of ash in 
small quantity. Forster, in his experiments, employed the 
residue of the meat left from the preparation of Liebig's 
extract of meat. After boiling it repeatedly with distilled 
water and drying, it still contained 0*8 per cent, of ash. 
Forster fed two dogs on this proteid containing this small 
amount of salts, as well as on fat, sugar, and starch-flour. 
He also fed three pigeons on starch-flour and casein, which 
likewise contained very little saline ingredient. 

Forster observed that the animals died remarkably 
quickly when fed on this diet. The three pigeons lived 
thirteen, twenty-five, and twenty-nine days. One of the 
dogs was *' so ill at the end of thirty-six days, that he would 
certainly have died in a short time if the experiment had 
been continued, while the other was dying at the end of 
twenty-six days." When completely deprived of food, dogs 

^ J. Forster, Zeit$chr. f, Biotog.^ toL ix. p. 297 : 1873. 
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live from forty to sixty days. Food from whieh the organic 
salts have been removed appears to be more rapidly fatal than 
the deprivation of all food. 

Forster concludes, from these experiments, that the fall- 
grown animal requires considerable quantities of inorganic 
salts. An objection may, however, be raised to this con- 
clusion, for there is one condition to which Forster has 
omitted to draw attention — I mean the formation of free 
sulphuric acid from the sulphur of the proteid. 

Albumen contains from ^ to 1^ per cent, of sulphur, which, 
in the decomposition and oxidation of proteid, is converted 
into sulphuric acid. Eighty per cent, of the sulphur taken 
in food appears in this form in the urine. Under normal 
conditions this sulphuric acid is united with the bases which 
are taken up with every form of animal and vegetable food. 
Animal food contains basic phosphates of the alkalies, 
carbonates of the alkalies, and alkaU-albuminates ; vegetable 
food yields, in addition, the alkaline salts of vegetable acids, 
such as tartaric, citric, malic, etc., which in the organism 
are converted into carbonates by combustion. These bases 
saturate the sulphuric acid produced by the combustion of 
proteid. If the basic salts are removed from the food, this 
powerful acid finds no bases at hand to neutralize it, and 
consequently attacks those bases which are integral con- 
stituents of the living tissues; figuratively, it may be said 
to wrench individual bricks out of their places, and thus to 
induce the destruction of the edifice.* This appears to me 
to be the cause of the rapid death in the animals experi- 
mented upon by Forster. The remarkable fact that the dogs 
died in a shorter time than when simply starved, would be 

* As we abaU see later on (vide Lecture XVI.)* the organism of the dog; is 
able to protect itself against the injnrions action of free acids, by separating 
ammonia from the nitrogenous organic compounds. But this power is not 
unlimited, and it^is doubtful whether the ammonia is invariably present in the 
partieular cells, in which the sulphuric acid, thus liberated, begins its work of 
destruction. 
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explicable on this ground.* The correctness of this reasoning 
has been tested experimentally by Lunin.f 

Lnnin fed a certain number of his animals with food 
deprived of its mineral constituents ; the others were treated 
in a similar way, but with an addition of carbonate of soda, 
which was just sufficient to neutralize the sulphuric acid 
formed from the sulphur of the proteid. 

It was important to use as large a number of animals as 
possible, in order to eliminate the influence of accidental 
factors, and thus arrive at a reliable result. Mice were 
therefore chosen for the purpose, since it would have been 
almost impossible to obtain food free from mineral con- 
stituents in the quantity requisite for a number of large 
animals. 

The food was prepared in the following manner. By 
precipitating diluted milk with acetic acid, and washing the 
finely flocculent coagulum with water acidified with acetic 
acid, a mixture of fat and casein was obtained, which only 
contained from '05 to '08 of ash in 100 parts of dry matter, 
therefore ten times less salts than in the experiments of 
Forster. To this mixture, cane sugar, which left no ash, 
was added as a representative of the third group of food- 
stuffs. 

On this food and distilled water, five mice lived eleven, 
thirteen, fourteen, fifteen, and twenty-one days. Two mice 
that were completely starved, lived four days ; two more only 
three days. 

Again, six mice were fed upon the same food with the 
addition of carbonate of soda. These lived sixteen, twenty- 
three, twenty-four, twenty-six, twenty-seven, and thirty days, 
therefore twice as long as the animals which had no base to 
saturate the sulphuric acid formed. 

• G. Bnnge, Zeit$chr. /. Biolog, vol. x. p. 130 : 1874. 

t N. Lnnin, " Ueber die Bedentnng der anorganischen Salze ffir die Emab- 
rung des Thieres," Dissert : Dorpat, 1880. Reprinted in ZeUsehr. f. phytiol. 
C%em., bd. t. p. 31 : 1881. 
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It might be objected that the animals lived longer, not 
because of the neutralization of the sulphuric acid, but 
because they obtained at least one inorganic ingredient. 
This objection is answered by the following experiment, in 
which seven mice were given, ceteris paribus^ instead of the 
carbonate of soda, an equivalent quantity of chloride of 
sodium — that is, a neutral salt incapable of neutralizing the 
sulphuric acid. The seven mice expired after six, ten, eleven, 
fifteen, sixteen, seventeen, and twenty days. In this case, 
although they received two inorganic substances, sodium and 
chlorine, they lived only half as long as the animals which 
received but one, sodium, and, in fact, no longer than the 
animals which had no inorganic addition at all. The 
experiments were in complete accordance with my deduc- 
tions. As a control, two parallel series of experiments with 
potassium chloride and potassium carbonate were carried out, 
and gave precisely the same results. 

By preventing the formation of free sulphuric acid, the 
animals lived twice as long, but still for a very short period. 
As the action of the acid could not have caused their death, 
what made the mice die? Was the composition of the 
organic food insufficient ? In order to decide this question, 
all the inorganic salts of milk were added to the same 
artificial mixture of organic food, in the exact proportions 
in which they exist in the ash of milk, and in the same 
relation to the amount of organic matter as in milk. Six 
mice lived twenty, twenty-three, twenty-three, twenty-nine, 
thirty, and thirty-one days upon this mixture — no longer 
than they did with the carbonate of soda only. Of three 
mice which were fed exclusively on cow's milk, one died 
after forty-seven days, and, as dissection showed, of in- 
tussusception (compare p. 82); the two others lived in 
their cage for two and a half months, grew considerably 
fatter, and were in capital condition when the experiment 
ceased. 
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It is a noteworthy fact that, although animalB can live on 
milk alone, yet if all the constituents of milk which according 
to the present teaching of physiology are necessary for the 
maintenance of the organism be mixed together, the animals 
rapidly die. Cannot cane sugar take the place of sugar of 
milk ? Or are the inorganic and organic constituents of milk 
chemically combined, and only assimilable in this combina- 
tion? On precipitation of the casein by acetic acid, the 
small amount of albumen in the milk remained in solution. 
Cannot this albumen be replaced by the casein ? Or does 
milk contain, in addition to proteid, fat, and carbohydrates, 
other organic substances, which are also indispensable to the 
maintenance of life? It would be worth while to continue 
the experiments. 

The question as to the need of adult animals for inorganic 
salts cannot be considered as settled. Before it can be 
decided, we must become intimately acquainted with all the 
organic food-stuffs which are indispensable; we must also 
manage to combine them in such a way, that they may 
be palatable to the^animals during lengthened experiments. 
Finally, we must be able to saturate the sulphuric acid 
resulting from the proteid — by means of a harmless organic 
base, such as by creatinin or neurin — without the addition 
of inorganic bases. But even then it would probably be 
impossible to come to a decision, because it is beyond our 
power to ensure the presence of the base at the spot where 
the sulphuric acid is set free, or because the sulphates, 
formed with the base thus artificially introduced, expel the 
normal salts from the tissues (compare p. 120). The difficulty 
appears for the present to be insuperable. 

There is only one inorganic salt about which I must add 
a few words, because it holds a rather exceptional position — 
common salt. 

It is a very remarkable fact, that of all the inorganic 
salts in our bodies we only take one with our organic food. 
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and that is common salt. We obtain enough of all the other 
salts from the amount contained in our food, and we never 
think of providing ourselves with them separately. CSommon 
salt forms ^the only exception, which is the more remarkable 
as our diet is by no means deficient in it. All vegetable and 
animal food contains considerable quantities of chlorine and 
sodium. Why do these quantities not sufGice, and why do we 
add rock-salt ? 

In the earlier experiments made to decide this point, one 
fact was quite overlooked, which appears to me likely to lead 
to a correct solution of the difficulty. I mean the fact that 
the desire for salt in the food was only observed in the case 
of herbivora, and never in the case of camivora. Our 
carnivorous domestic animals, the dog and the cat, prefer 
unsalted to salted food, and show great dislike to very salt 
food, while the domesticated herbivora are well known to be 
very fond of salt. The same thing has been observed in wild 
animals. It is a known fact that wild ruminants and hoofed 
animals seek out salt-rocks and pools, and places where salt 
effloresces, to lick the salt, and that hunters watch for them 
at such places, or expose salt as a bait. This has been 
noticed by numerous travellers with herbivora of all countries 
and climates, but it has never been observed in the case of 
beasts of prey. 

This difference is the more striking as the amount of salt 
which herbivorous animals take in with their food is, com- 
pared with the weight of the body, generally not much less 
than that consumed by carnivorous animals. On the other 
hand, there is a considerable difference in another constituent 
of the ash of their food, in the potassium. Herbivorous 
animals take at least three or four times as much of salts of 
potassium as the camivora. This fact leads me to imagine 
that the abundance of potassium in vegetable food is the 
cause of the need for salt in the herbivora. 

If, for instance, a salt of potassium, such as potassium 
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carbonate, meets with common salt, or chloride of sodium, 
in solution, a partial exchange takes place; chloride of 
potassimn and carbonate of sodium are formed. Now, 
chloride of sodium is well known to be the chief .constituent 
among the inorganic salts of blood-plasma. When, therefore, 
salts of potassium reach the blood by the absorption of food, 
an exchange takes place. Chloride of potassium and the 
sodium salt of the acid which was combined with the 
potassium, are formed. Instead of the chloride of sodium, 
therefore, the blood now contains another sodium salt, which 
did not form part of the normal composition of the blood, or 
at any rate not in so large a proportion. A foreign con- 
stituent or an excess of a normal constituent, i.e. sodium 
carbonate, has arisen in the blood. But the kidneys possess 
the function of maintaining the same composition* of the 
blood, and of thus eliminating every abnormal constituent 
and any excess of a normal constituent. The sodium salt 
formed is therefore 'ejected by the kidneys, together with the 
chloride of potassium, and the blood becomes poorer in 
chlorine and sodium. 4 Common salt is therefore withdrawn 
from the organism by the ingestion of potassium salts. This 
loss can only be made up from without, and this explains the 
fact that animals, which live on a diet rich in potassium, 
have a longing for salt. 

I have proved the correctness of this deduction by experi- 
ment. To a diet of uniform character salts of potassium were 
one day added, the consequence being a striking increase in 
the excretion of chlorine and sodium. I have tried this 
experiment on myself, with all the salts of potassium which 
are concerned in human nutrition. Eighteen grammes £aO, 
as phosphate or citrate, divided into three doses duri4g the 
day, took up 6 grms. of common salt from the body, besides 
2 grms. of sodium ; for the potassium salts effect an exchange, 
not only with the chloride, but also with other compounds 
of sodium, as albtmiinate, carbonate, and phosphate. 
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The amount of potassium taken in these experiments was 
not large — in fact, much less than that introduced with the 
most important vegetable articles of diet ; and yet 6 grms. of 
salt were withdrawn from the organism by it. This is about 
one-half of the common salt which is contained in the 6 litres 
of a man's blood. That other tissues likewise suffer by this 
loss is undoubted. But in the first instance the blood is 
chiefly affected, and I think that if this loss in the blood was 
covered by a comparatively small loss in the other tissues, a 
fresh addition of potassium must have the effect of producing 
a fresh loss of sodium. Experiments of this kind have not 
yet been made. It has not yet* been ascertained up to 
what point the body will continue to give up sodium, when 
potassium is constantly taken. There is no doubt that a 
point would soon be reached at which the body would stoutly 
retain its remaining sodium. 

But even those quantities of chlorine and sodium, the 
loss of which I have specially investigated, appear to me 
sufficiently large to account for the need to replace them 
caused by eating vegetables containing an abundance of 
potassium. Having regard to the important part which salt 
plays in the organi8i]Ci (as in the formation of the digestive 
secretion, or in dissolving the globulins), even a small 
diminution may be prejudicial to certain functions, and may 
give rise to the need of recovering the loss. 

As already mentioned, the amount of potassium taken in 
my experiments was not more than 18 grms. A man who 
lives chiefly on potatoes takes, in the course of the day, up 
to 40 grms. of potassium. This explains the reason why 
potatoes are so unpalatable without salt, and are eaten every- 
where with well-salted adjuncts. Like potatoes, all the 
other important vegetable articles of diet, the cereals and 
leguminosffi, are very rich in potassium, and this explains 
the fact that country people, living mainly on a vegetable 
diet, use more salt than the inhabitants of towns, who eat a 
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great deal of animal food. It has been statistioally shown in 
France that people living in the country eat three times as 
much salt per head as those in towns. 

We may now ask what the people do who take no vege- 
table food at all. There are whole tribes of hunters, fisher- 
men, and other nomads, who live entirely on animal food. 
We might expect that these people would, like the carnivorous 
animals, have a disinclination for salt. This is in fact the 
case. In order to ascertain this, I have gone through a 
very large number of works of travel, and have obtained 
a great deal of information from recent travellers, either 
personally or by letter. From all this it appears to be a 
universal rule, that in all times and in all lands those people 
who live entirely upon animal food either have never heard 
of salt, or, if they possess it, avoid it ; whereas the people 
whose staple food is vegetable have the greatest desire for 
it, and regard it as an indispensable article of diet. 

This difference was manifested as far back as the ancient 
Greek and Boman times, when the sacrificial animals were 
always offered to the gods without salt, but the fruits of the 
earth with salt. The Mosaic law expressly commanded the 
Jews to offer gifts of vegetable fruits accompanied by salt 
to their Deity.* 

The Indo-Germanic languages have no common word for 
salt, just as they have none for farming industries, whereas 
the terms used in cattle-breeding may mostly be traced back 
to common roots. This probably shows that the Indo-Ger- 
manic tribes knew nothing about salt so long as they were 
wandering about — an undifferentiated nation — pasturing their 
flocks on the summit and slopes of the mighty Bulur-Tagh. 
They first became acquainted with it after their dispersion, 



* The Boaraee of these and all following statements oonoerning the use of 
salt among different nations, are quoted in my work, ** Ethnologischer Kaohtrag 
znr Abhandlnng ftber die Bedeutung des Kocksalzes n. s. w,'* ZeiUckr^f, Biolog,, 
▼ol. X. p. Ill : 1874, 
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when they began farming and took to vegetable food. In 
the time depicted by Tacitus, we find the Germans just 
adopting fixed places of abode, and beginning to devote 
themselves to agriculture. But at this time they did not 
know how to obtain a regular supply of salt, although the 
desire for it was already awakened in them, since Tacitus 
gives accounts of raging and decimating wars, which were 
carried on by different tribes for the possession of the salt- 
mines on the frontiers. 

The Finnish languages have up to the present day no 
word for salt. The western Pinlanders, who are now engaged 
in farming, use salt and call it by the German name. On the 
other hand, the eastern Finlanders, who still lead hunters' 
and nomads' lives, use no salt whatever, and this is the 
case with all the other hunting, fishing, and nomadic tribes 
in the north of Bussia and in Siberia. It is not because 
they pe unacquainted with salt, or cannot procure it, but 
because they have a decided dislike to it. In all parts of 
Siberia there are rock-salt strata, salt lakes, and salt efflores- 
cences. The Siberian hunters are only interested in these 
salt strata because the flocks of reindeer assemble in these 
places to lick the salt ; the hunters themselves devour their 
meat without it. A large number of Siberian travellers have 
informed me, both personally and by letter, that such is the 
case with all the Siberian tribes. The mineralogist, G. von 
Ditmar, who travelled over the whole of Siberia between 1851 
and 1856, and lived for a long time among the Eamtschadales, 
writes to me as follows : *' I have frequently in my travels, 
given those people (Eamtschadales, Eorachs, Tschuktschen, 
Ainos, Tunguses) some of my salted viands to taste, and 
have noticed the grimaces they made, showing how much 
they disliked it." Ditmar relates how the Eamtschadales 
live chiefly on fish, which they throw into large holes dug 
in the ground, where the whole mass is soon turned into a 
'' stinking jelly." The Bussian Government, disapproving 
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of the Eamtschadales' fayoorite food, which is certainly dis- 
gusting to any European, and must be unwholesome, en- 
deavoured to introduce the salting of fish, by stringent 
regulations. Arrangements were made at Petropaulowski 
for obtaining salt from sea-water, and the salt was sold to 
the Kamtschadales at a nominal price. The Eamtschadales, 
who are an uncommonly docile race, obeyed orders, and the 
fish was conscientiously salted. But they did not eat it. 
They kept to their decomposing fish ; and at the time that 
Ditmar was in Eamschatka, the Bussian Government had 
relinquished the task of persuading them as hopeless. Only 
the old people still spoke of that period as of a time of 
plague. Ditmar relates that the descendants of the Bussians 
in Eamschatka do cultivate European vegetables, but only 
in small quantities, that they prefer the Eamtschadales' 
bill of fare, and accordingly their use of salt has gradually 
diminished. Vegetables and cereals are only eaten in Petro- 
paulowski, and here, on the other hand, the salt-cellar is 
always on the table. 

The astronomer, L. Schwarz, informed me that on his 
travels in the country of the Tunguses, he lived exclusively 
on reindeer-flesh and game. This diet agreed perfectly with 
him, and he never experienced any wish for salt. 

But as it might be thought that the disinclination of 
the Siberian tribes for salt might be due, not to the animal 
food, but to the northern climate, I will refer to the accounts 
of the inhabitants of warm coimtries who live on an animal 
diet, and yet take no salt. 

In the Neilgherry Hills in India, a pastoral tribe, the 
Tudas, was first discovered during the present century. 
Owing to their being surrounded by fever marshes, the 
English had always been prevented reaching them. They 
were totally unacquainted with vegetable food, and lived on 
milk and buffalo-meat, knowing nothing of salt. 

The Eirghese also live on meat and milk, and never use 
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salt, although they are inhabitants of the salt steppes. I 
was informed of this by Baron Maydell, who travelled through 
the Eirghese Steppes in 1845 and in 1847. 

Sallust relates the same thing of the Numidians : " Numid® 
plerumque lacte et ferina came vescebantur et neque salem 
neque alia irritamenta gul® qusBrebant." There is an abun- 
dance of salt on the north coast of Africa. 

At present there are certain tribes of Bedouins in Arabia 
who live under conditions similar to those of the Numidians 
in the time of Sallust. In Wrede's Travels, it is stated that 
the Bedouins eat meat without salt, and appear to consider 
the use of salt as altogether ridiculous. 

The Bushmen in the south of Africa live by the chase^ 
and do not use any salt. 

The negro races, on the contrary, are agriculturists. The 
interior of Africa contains but little salt. At the present 
time the negroes are plentifully supplied with salt, both by 
importation and by salt-boiling on the coast. Among the 
older travellers, Mungo Park gives the following description 
of the longing of the negroes for salt : ** In the districts of 
the interior, salt is the greatest of aU delicacies. It strikes 
a European very strangely to observe a child sucking a piece 
of rock-salt as if it were sugar. I have frequently seen this 
done, although the poorer class of inhabitants in the interior 
are so badly provided with this costly article, that to say 
that a man eats salt with his meal is equivalent to saying 
that he is rich. I myself have found the scarcity of this 
natural product very trying. Constant vegetable food causes 
a painfal longing for salt that is quite indescribable. On 
the coast of Sierra L^one, the desire for salt was so keen 
among the negroes that they gave away wives, children, and 
everything that was dear to them, in return for it." 

The Indians of North America are well known to have 
been hunters and fishermen at the time of their discovery ; 
they did not use salt, although the North American prairies 
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are full of it. Only a few tribes on the lower course of the 
Mississippi were diligent tillers of the soil at the time of 
the first invasion of the Spaniards. It is related of these 
tribes that they waged wars about the salt-springs. 

The Mexicans were farmers, and understood the methods 
of obtaining salt. The same account is given of the natives 
whom Columbus met with in the West Indian Islands. 

The shepherds of the South American pampas, who live 
entirely on meat, and regard vegetable food as only fit for 
animals^ do not use any salt, although the pampas abound 
in numberless salt lakes and incrustations. The neighbouring 
Araucanians, on the other hand, who were farmers at the 
time of the discovery of America, made use both of sea-salt 
and rock-salt. The inhabitants of New Holland were hunters, 
and employed no salt. 

Most of the tribes of Australia and of the East Indian 
Archipelago live on a mixed diet, and get enough salt from 
the marine animals that they eat. But there is an account 
of one purely agricultural tribe in the tropical islands, where 
the people live almost exclusively on the produce of the field, 
which is rich in potassium. They are the Battas, in Sumatra. 
We should expect that these people would have a great desire 
for salt. For a long time I was unable to find any account 
abont it in any books of travel, till at last I lighted upon a 
passage in a chapter describing their modes of legal proce- 
dure, in which it said that the solemn form of oath in use 
among them ran as follows: ''May my harvest fail, my cattle 
die, and may I never taste salt again, if I do not speak the 
truth.*' 

From the above facts, we see that at every period, in 
every part of the world, and in every climate, there are 
people who use salt as well as those who do not. The 
people who take salt, though differing from each other in 
every other respect, are all characterised by a vegetable diet ; 
in the same way, those who do not use any salt are all alike 
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in taking animal food. We see that whole tribes, when 
forsaking their nomadio life for an agricoltoral one, begin 
the nse of salt ; and that, vice versa, people who have been 
accustomed to take salt, cease to do so when they emigrate 
and settle down among a flesh-eating population. We see 
that European travellers, if their supply of salt fails them in 
foreign countries, do not feel any want of it if they are living 
on animal food ; but that, on the other hand, they experience 
*' a painful longing *' for it if they adopt a vegetarian mode 
of living. The causal connection between vegetable food and 
the need for salt is undeniable. It might be still doubted 
whether it is really the abundance of potassium in the vege- 
tables which causes this need. The occurrence of potassium 
in considerable quantity is not the only difference between 
vegetable and animal food. The following facts may serve to 
confirm my view of the matter : — 

One important article of vegetable diet, rice, is very poor 
in potassium salts. Bice contains six times less potassium 
than the European cereals (wheat, rye, barley), from ten to 
twenty times less than the leguminos®, and from twenty-six 
to thirty times less than the potato. If we consume enough 
rice to yield 100 grms. of proteid, we only take in 1 grm. 
EaO from the same source. But if we consume 100 grms. 
of proteid in the form of potatoes, we should at the same 
time obtain above 40 grms. K3O. We should, therefore, 
expeet people who only take rice and no other vegetable with 
their meat, to have no desire for salt. This is in fact the 
case, and is universally recorded of certain tribes of Bedouins 
on the Arabian Peninsula, and of a few races in the East 
Indian Islands. 

The amount of potassium and sodium in the different 
articles of vegetable and animal food eaten by man and 
animals may be gathered from the following tables : — 
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TABLE L 
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Bullock's blood . . 
Oats ) 
Wheat r 
Rye ( •• 
Barley ) 
Dog's milk.. 
Human milk 
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Peas 

Milk of herbiToia .. 

Hay 

Beef 

Beans 

Strawberries 
Clover 
Potatoes 


1 
2 

6-6 

6—6 
6—6 

11 

12 
9—17 
6—18 

19 

21 

22 

23 
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0-03 
190 
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Oats ^ 
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Potatoes 
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Human milk 
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 • 

> • 
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 • 

 • 
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Bullock's blood • . 
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Yolk of egg 
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Milk of camivora . . 
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Human milk 
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Beef 
Wheat 
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0-7 
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20 
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Barley 

Oats 

Rice 

Rye .. 

Hay.. 

Potatoes 

Peas 

Strawberries 

Clover 

Apples 

Beans 



Equivalent 
K,0. 



14—21 
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24 
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3-^7 
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71 

90 
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TABLE m. 
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Ballook's blood 
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Beef .. 
Wheat 
Bye 
Peas 

Human milk 
Potatoes 






K.O. 
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20 
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n 



20 

003 

0-3 

005— 0-3 



10 —2-4 „ 
0-7 



We Bee from the second table that the beast of prey, which 
deyours every part of an animal, obtains potassium and 
sodium in almost equal quantity. This is the case, not only 
with mammals, but with the whole class of vertebrates.* 

On the other hand, four equivalents of potassium are 
present for every equivalent of sodium in the bloodless meat 
of slaughtered animals. It is, therefore, noteworthy that the 
people who live on an animal diet without salt, carefully avoid 
loss of blood when they slaughter the animals. This was told 
me by four different naturalists who have lived among flesh- 
eaters in various parts of northern Bussia and Siberia. The 
Samoyedes, when dining off reindeer-flesh, dip every mouthful 
in blood before eating it. The Esquimaux, in Greenland, are 
said to plug the wound as soon as they have killed a seal.f 

The two bases are also contained in the milk of camivora 
in equal proportions, whereas potassium generally prepon- 
derates largely in the milk of herbivora and in human milk, 
as may be seen by a reference to Table II. This shows that 
man and herbivora can do very well on a diet, in which the 
relatioa is from four to six equivalents of potassium to one 

* A. Ton Bezold, <*Da8 cbemuehe Skelett der Wirbelthieie,'' ZeiUehr. fUr 
inmauekafiL Zoologie, vol. ix. p. 241 : 1858 ; G. Bunge, Zeitschr, f. Bidog^ vol. x. 
p. 318: 1874. 

t The exact sonrce of these iSusts is given in the ZeiUekr, /. Bidlog.f toI. x. 
p. 115: amh 1874. 
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equivalent of sodiam, without any addition of salt. And there 
are many vegetables in which the proportion is no higher. In 
hay^ whioh is a mixture of all kinds of herbage, the proportion 
is sometimes, as the above table shows, only as three to one. 
It is a faot that many wild herbivorous mammals, such as 
hares and rabbits, never eat salt, and in many places it is 
not offered to herbivorous domestic mammals. ' A keen desire 
for salt would only be awakened in these animals if they 
were exclusively fed on one of the varieties of herbage con- 
taining both the most potassium and the least sodium, such 
as clover. The wild herbivora perhaps instinctively avoid 
browsing only on the herbage that contains the largest propor- 
tion of potassium. But the domesticated animals would 
suffer if they were given food that was very rich in potassium, 
without salt. I will not affirm that they could not exist under 
this treatment, although farmers have found by experience 
that the animals eat more and thrive better if they are 
allowed to have salt, and even that obvious ill-effects follow 
a complete abstinence from this article.* Nor do I maintain 
that human beings cannot exist without salt on a diet 
almost entirely vegetarian. But if we had no salt, we should 
have a strong disinclination to eat large quantities of a vege- 
table rich in potassium, such as potatoes. The use of salt 
enables us to employ a larger variety of the earth's products 
as food than we could without it. 

It is particularly worthy of note that those articles of diet 
in which, according to Table 11., the proportion of potassium 
to sodium is the highest, such as rye, potatoes, peas, and 
beans, are the very ones that form the staple food of the lower 
classes in Europe. The injustice of a salt-tax is therefore 
apparent, for the poorer a man is the more he is forced to 

* Baml, "Statique ohimiqne des animaax, appliqu^ sp^otalement k la 
qneetion de I'emploi agrioole du sel : " Paris, 1850 ; Boosslngault, Ann, de Chim. 
et de Phy$.^ sir. 111, t. zxii. p. 116: 1848. Demesmay, Journal des EoOnomisteB, 
t. XXV. pp. 7, 251 : 1849 ; Deaaive, ^Ueber dea vielseitigea Nntzen des Salies ia 
der Landwirthadiafk," Deutsoh von Protz : Leipzig, 1852. 
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live on the vegetables containing the largest amount of potas- 
sinm, and the greater his consumption of salt in consequence. 

In passing, I must call attention to the fact that we are 
accustomed to take far too much salt with our viands. Salt 
is not only an aliment, it is also a condiment, and easily 
lends itself, as all such things do, to abuse. A glance at 
Table III. shows us how little salt need be added to most 
articles of diet in order to preserve the same proportion of 
the alkalies as in milk. For instance, from 1 to 2 grms. of 
salt in the day would be sufficient to add to a diet of cereals 
and leguminossB, or a few decigrammes to a diet of rice. 
Instead of this, most people take from 20 to 30 grms. daily, 
and frequently even more. 

We must ask whether our kidneys are really able to 
eliminate such large quantities of salt ? Do we not impose 
too great a task upon them, and may it not be fraught with 
serious consequences ? When on a diet of meat and bread, 
without salt, we excrete not more than from 6 to 8 grms. of 
alkaline salts in twenty-four hours. With a diet of potatoes, 
and a corresponding addition of salt, over 100 grms. of 
alkaline salts pass through the kidneys in the day. May 
not there be danger in this ? The habit of drinking spirituous 
liquors, which, moreover, is reckoned one of the causes of 
chronic nephritis, also brings about the immoderate use of 
salt, and thus one sin against nature leads to another. 
These are questions to which I would direct the attention of 
practitioners. 

There is no organ in our body so mercilessly illtreated as 
the kidneys. The stomach reacts against overloading. The 
kidneys are obliged to let everything pass through them, 
and the harm done to them is not felt till it is too late to 
avoid the evil consequences. 

I would further call attention to the slight amount of 
work that devolves upon the kidneys when rice is the staple 
food. Only 2 grms. of alkaline salts are excreted in twenty-* 
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four hours. The superiority of rice (which has for centuries 
been the food of the majority of mankind — ^Persians, Indians, 
Chinese, Japanese) over potato is evident. Should not rice 
be employed as a chief article of diet in patients with renal 
disease ? The same with affections of the stomach, for the 
potassium salts act as a powerful irritant to the gastric 
mucous membrane,* and rice contains less of these than any 
other article of food. 

I cannot leave this subject without, in conclusion, giving 
expression to one other theory which is becoming more and 

 

more a conviction with me, and in proof of which I have 
carried out a series of troublesome experiments. I have not 
hitherto ventured to publish them, because I was well aware 
that the theory might be thought very fanciful while the 
grounds upon which it was built were still so scanty. I am, 
however, convinced that the remarkably high percentage of 
salt in vertebrate animals, as well as the desire to take salt 
with our food, can only be satisfactorily explained by the 
theory of evolution. 

Let us glance at the distribution of the two alkalies, 
potassium and sodium, over the whole surface of the globe. 
In our introductory remarks on the circulation of the 
elements, I mentioned the struggle that went on between 
the carbonic acid and the silicic acid for the possession of 
the bases (see p. 17). In this conflict, the carbonic acid 
shows a greater affinity for sodium, and the silicic acid for 
potassium. By the action of the weather on silicic rocks, 
the sodium, after decomposition, is dissolved in water as a 
carbonate, and trickles with the water into the ground. 
The potassium, on the contrary, with other bases, especially 
alumina, remains combined with the silicic acid, and continues 
to lie on the surface as an insoluble double salt. When the 
sodium carbonate reaches the sea by means of springs, 

* G. Bunge, Znttekr.f, Bidog,^ ToL iz. p. IdO: 1873; and Pflflger's Arek.^ 
voL iT, pp. 277, 280 : 1871. 
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streams, and rivers, it is converted by the chlorides of the 
alkaline earths into common salt, and insoluble carbonates 
of the alkaline earths are formed, which sink to the bottom, 
and are continually building up whole mountain ranges in 
the shape of lime, chalk, and dolomite. Sea-water is thus 
rich in common salt, poor in potassium salts, while the 
surface of dry land is rich in potassium salts and poor in 
common salt. 

The amount of common salt in the organism corresponds 
with the amount in the environment. Sodium differs in 
this respect from potassium, which is an integral, indis- 
pensable constituent of every vegetable and animal cell. 
Every cell has the power of withdrawing and of assimilating 
the requisite amount of this base, even from the most 
scantily supplied soil. All sea and land plants, therefore, 
contain an abundance of potassium. Sodium, on the other 
hand, does not appear to play such an important part. 
Many plants contain only traces of sodium; those which 
are rich in it are only the seaweeds and the plants which 
grow on the sea-shore, and on the salt steppes, which are 
dried-up sea-basins. There are only a few apparent excep- 
tions to this rule, as, for instance, in the classes of Chenopo- 
dium and Atriplex. But these species thrive only in a saline 
soil ; they are closely allied to the denizens of the salt 
steppes, and have probably migrated from there. Among 
cultivated plants, the Beta altissimay which also belongs to 
the GhenopodiacsB, is the only one rich in sodium, and this 
was originally indigenous on the sea-coast. 

This is also the case with invertebrate animals; only 
those which live in the sea, and those nearest allied to them 
on land, contain much salt. The typical repreEientatives of 
land invertebrates, the insects, have very little salt in them. 
I have myself made an analysis which proves that* they do 
not contain more sodium than the plants from which they 
derive their nourishment.. 
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The land vertebrates are all remarkably rich in salt^ in 
spite of the scanty supply around them. But even these 
are only apparent exceptions. We need but remember the 
fact that the first vertebrates on our planet all lived in the 
sea. Is not the large amount of chloride of sodium found 
in the present inhabitants of dry land another proof of the 

genealogical connection which we are forced to accept from 

<* 

morphological facts ? There is no doubt that each of us in 
his individual development has gone through a stage in which 
he still possessed the chorda dorsalis and the branchial 
arches of his sea-dwelling ancestors. Why may not the 
high average of salt in our tissues be also inherited from 
them ? 

If this interpretation be correct, we should expect that the 
younger the vertebrates are in their individual development, 
the more salt they would possess. This is in fact the case. 
I have convinced myself by numerous experiments that an 
embryo of a mammal contains more salt than an animal 
just bom, and that it gradually becomes, after birth, poorer 
in chlorine and sodium as it develops. Cartilage contains 
the most sodium of any tissue in our bodies, besides being 
also the tissue of greatest antiquity. It is histologically 
identical with the tissue which still survives in the skeleton 
of the selachians, a salt-water animal, during its whole life. 
The human skeleton, as every one knows, is originally also 
composed of cartilage, and even before birth much of this 
is replaced by bone. This phenomenon cannot be understood 
on teleological grounds ; it can only be explained by the 
theory of evolution. We cannot assume that the cartilage 
period must be passed through in order that the bone may 
develop fropa the cartilage. This is not the fact. Bone does 
not arise from cartilage. The cartilage is entirely absorbed, 
and the bone grows from the perichondrium to take the 
place of the cartilage. And, in addition, the oldest formation, 
the cartilage, also contains the largest proportion of sodium. 
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These are facts which lead most readily to the interpreta- 
tion that the vertebrates living on dry land originally came 
from the sea, and are still continuing to adapt themselves 
to their present surroundings, where they can get but little 
salt. We prolong this process of acclimatization by taking 
advantage of the salt strata ^ich have been left on the 
land by our primeval element, the salt flood. 
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LECTURE VIII. 

SUBSIDIARY ARTICLES OF DIET. 

Man, together with all animals, consumes certain articles 
which are neither sources of energy nor possessed of repara- 
tive power for the continual body waste. They are eaten on 
account of the agreeable influence which they exert on the 
nerves of taste or smell or on other parts of the nervous 
system ; we call these substances condiments and stimulants. 
They are as necessary to us as food itself is. 

It is a very noticeable fact that our most important 
articles of organic food are absolutely without taste or odour. 
We can only smell volatile matter, or taste such substances 
as are soluble in water. Our organic food-stuffs have neither 
of these properties. They are not in the least volatile, and 
are almost all insoluble in water. Fats, as we well know, 
are not miscible with water, and proteids only swell without 
actually dissolving in it. Of the carbohydrates, the sugars 
alone are soluble, and they taste sweet. In the case, then, 
in which food is possessed of any taste at all, it is agreeable. 
Since the bulk of our food can produce no effect on our organs 
of sense, we find our organs of taste and smell so adapted 
that the volatile and soluble matters, which are constantly 
associated with aliments as they occur in nature, produce 
agreeable sensations when they act on these sense-organs. 
These sensations not only increase our desire for food ; they 
also help digestion. It is a matter of common experience, 
that even the imagination of fragrant and savoury food may 
augment the secretion of saliva. The increased secretion of 
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gastric jnice produced by the same cause has been observed 
on dogs with a gastric fistula. To show them from a long 
distance a piece of meat, is sufficient to excite the secretion 
of the gastric juice. It is, hence^ probable that the activity 
of all other glands associated with digestion is reflexly 
aroused by agreeable tastes and smells, and that all processes 
and movements which are involved in digestion and absorp- 
tion are hereby assisted. Pleasant sensory impressions 
produce a cheerful frame of mind, and thus indirectly tend 
to act favourably on all the processes of the body. On the 
other hand, it is a familiar fact that disagreeable smells 
and tastes cause a disturbance of digestion which may even 
produce vomiting. The necessity of these subsidiaries to food 
is, then, beyond doubt ; every efifort to consume food which 
had neither taste nor smell would soon fail. 

Whilst animals merely take such sapid substances as 
occur naturally mixed with the food they eat, man goes much 
further by artificially separating the subsidiary from the 
necessary aliments. He takes the former by themselves, or 
with only a small proportion of the latter. Hence arises for 
man the danger of excess. The regulating mechanism, which 
in animals consists of the feeling of satiety which sets in 
as soon as they have eaten enough, tends to be disturbed. 
So long as only the senses of taste and smell are concerned, 
there is but little danger of excess. The more intense the 
stimulation of the organs of smell and taste, the more 
rapidly is the sensibility of our nerves blunted ; we get tired 
of the impressions made upon them. 

But besides those substances which act as subsidiary to 
food by their action on our senses, man has learnt to isolate 
others which produce pleasurable sensations by their action 
on the functions of the brain ; these we term narcotics. He 
has discovered them even when they cannot be detected by 
smell or taste, and when they occur only in plants which 
have no value in nutrition; such are opium, tea, coffee. 
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hashish, etc. Others, which nature does not produce, he has 
learnt to prepare artificially from innocuous substances, as for 
instance, alcohol from sugar. Conscious volition disturbs 
the harmonious action of the imconscious impulses, and 
becomes the source of unlimited misery. 

So long as we are unacquainted with the chemical processes 
by which these subsidiary articles of diet act on the nervous 
system, their special consideration is a subject rather for 
toxicology and the physiology of the nervous system than for 
physiological chemistry. I shall, therefore, treat of only a 
few which are still often considered to be true aliments. The 
most important of these are alcoholic drinks. 

We know that alcohol is to a very great extent oxidized 
in the body. Only a small part is excreted unchanged by 
the kidneys and lungs.* Alcohol is, therefore, without doubt 
a source of energy when absorbed into the body. But it 
does not therefore follow that it is a food. To establish the 
latter supposition, it must be shown that the energy liberated 
by the oxidation of alcohol is used to aid the performance of 
a normal function. It is not enough that chemical potential 
energy is transformed into kinetic energy ; the transformation 
must occur at the right time, in the right place, and in 
definite parts of the tissues. The tissues are not so con- 
stituted that they can be fed with any and every combustible 
material ; we do not know, for instance, whether alcohol can 
serve as a source of the energy by virtue of which the func- 
tions of muscle and nerve are performed (see Lecture XIX.). 

It will be objected that the heat which is produced by the 
combustion of alcohol must in any case be useful to our 

• Vict. Snbbotin, Zeiitehr, /. Biolog., TvoL viL p. 861 : 1871 ; Dupr^, Proe, 
Boy. 8oo„ Yol. XX. p. 268: 1872; and The PraaHiionery vol. ix. p. 28 : 1872 ; 
Anstie, PraeUtUmer, vol. xiii p. 15: 1874; Aug. Bohmidt, Ckntraib, /. d, med. 
Wittetuek. , No. 28, 1875 ; H. Henbaoh, '* Ueber die Anascheidong des Weiogeiskes 
duroh den Ham Fiebernder/' Dissert. : Bonn, 1875; G. Binz, Areh,f, exper. Path. 
fu Pharm,^ toL Ti. : 1877 ; H. Henbach, '* Qnantitatiye Bestimmnng des Alkohols 
im Ham,- Areh.f. 6»p. Path, u. Pharm., vol. viii. p. 446 : 1878; G. Bodlander, 
PaSgefs Arth., yuL xxxiL p. 888 : 1888. 
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economy. Even if it does not directly sabserve any definite 
function of a particular .organ, the combustion of the alcohol 
must save the using up of other food-stuffs. 

But even this cannot be admitted. For whilst on the one 
hand the alcohol increases the production, on the other it 
increases the loss, of heat. Owing to the paralyzing action 
which it exerts on the vasomotor system, a dilatation of the 
vessels, and especially of the cutaneous vessels, occurs, and 
consequently there is an increased loss of heat. The total 
result is a diminution of the temperature of the body, which 
has been actually proved to take place. 

Alcohol has invariably a paralyzing influence. All the 
results which, on superficial observation, appear to show 
that alcohol possesses stimulant properties, can be explained 
on the ground that tliey are due to paralysis.* 

It is a common idea that alcohol produces a warming 
effect in cold weather. This feeling of warmth depends, in 
the first place, on the fact already noticed — ^that the paralysis 
of the central nervous system causes an increased blood- 
supply to the surface of the body ; and secondly, in all proba- 
bility, on the blunting of the sensibility of the central organs 
which are concerned in the sensation of cold. 

The stimulating action which alcohol appears to exert on 
the psychical functions is also only a paralytic action. The 
cerebral functions which are first interfered with are the 
power of clear judgment and reason. As a consequence, 
emotipnal life comes into free play unhampered by the 
guiding-strings of reason. The individual becomes confiding 

* With regard to this matter, we reooTDmend the pemsal of the short and 
lucid description in Sohraiedeberg's **GrandriflB der ArznelmitieUehre," 2nd edit. 
pp. 25, 27 : Leipzig, Yogel, 18S3 ; C. Bins (*« Der Woingeist als HeUmittel," Son- 
derabdmck aus den Verhandlungen dea VII, Ckmgre$9e$ /. innere Medidn mu 
WUdnden^ 188S : Wiesbaden, Yerlag von J. F. Bergmann, 1888) has recently 
been upholding the older yiew, according to which alcohol has a stimulating 
action when taken in small doses. Binz, howeyer, takes no notice of the works 
of Schmiedeberg and of his pupils, Zimmerberg (Dissert : Dorpat, 1869) and 
Haki (Diswrt : Sttassburg, 1884). 
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and communicative; he forgets his cares and becomes gay; 
in fact^ he no longer clearly sees the dangers and difficulties 
of life. But the most pronounced paralyzing action of 
alcohol is seen in the way it allays all sorts of discomfort 
and pain, and, above all, the worst sort of pain — mental 
suffering, anxiety, and trouble. Hence the light-heartedness 
which prevails at a carouse. It is a prejudice which depends 
upon self-deception, to believe that a man ever becomes 
witty by aid of spirituous drinks. This error is simply one 
of the results of the paralytic influence mentioned above ; 
as the power of criticizing one's self diminishes, self-com- 
placency increases. The lively gesticulations and useless 
exertions of intoxicated people are due to paralysis, the in- 
hibitory influence, which prevents a sober man from use- 
lessly expending his strength, being removed. Associated 
with this is the increased frequency of pulse, which is com- 
monly cited as an instance of the stimulating power of 
alcohol; it has nothing to do with the action of alcohol, 
but is caused by the surroundings among which the alco- 
holic drinks are generally taken. It is a consequence of 
the excited condition, and, according to the experiments 
hitherto made, does not occur when the body remains 
quiet.* 

A paralytic symptom, which is erroneously regarded as 
one of stimulation, is also found in the deadening of the sense 
of fatigue. There is a strong belief that alcohol gives new 
strength and energy after fatigue has set in. The sensation 
of fatigue is one of the safety-valves of our machine. To 
stifle the feeling of fatigue in order to be able to work on, is 
like forcibly closing the safety-valve so that the boiler may 
be over-heated. 

The belief that alcohol gives strength to the weary is 
particularly dangerous for the class of people which contains 

* Schmiedeberg, he, eit, p. 26; Zimmerberg, *'ITnt. lib. den Einflius d^ 
Alkohols aaf die Th'atigkeit des Henens," Diaeeri : Dorpet, 1869. 
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the most nnmerons members. The poor people, whose income 
is already insufficient to procure a suitable subsistence, are 
misled by this prejudice into spending a very considerable 
part of their earnings on alcoholic drinks, instead of purchas- 
ing good and palatable food, which alone can give them 
strength for their hard work. 

This prejudice of the ''strengthening" power of alcohol 
maintains so deep a hold owing to the results which are seen 
and felt in the case of the habitual drinker. Any one who is 
in the regular habit of taking a considerable quantity of 
alcohol is better able to do his work while he continues it 
than if he were suddenly to leave it off. We cannot at 
present explain this result, although it is quite analogous 
to the effect of other narcotics on persons who have been 
accustomed to their use. The opium-eater can neither work, 
nor eat, nor sleep, if his opium be denied him; he is 
''strengthened" by the opium. But a man who is not 
accustomed to a narcotic is most certainly not rendered more 
fit for work by taking it. 

The uselessness, if not harmfulness, of even moderate 
doses of alcohol rests on better evidence than scientific deduc- 
tions and experiments. In connection with the sanitation of 
armies, thousands of experiments upon large bodies of men 
have been made, and have led to the result that, in peace and 
war, in every climate, in heat, cold, and rain, soldiers are 
better able to endure the fatigues of the most exhausting 
marches when they are not aUowed any alcohol at all.* A 
similar result is observed in the case of the navies, and on 
thousands of commercial vessels belonging to England and 
America, which put to sea without a drop of alcohol. Most 
whalers are manned by total abstainers. 

That mental exertions of all kinds are better undergone 
without alcohol is generally admitted by most people who 

* See A. Bfter, ** Der Alkoboliamiis/' pp. 108-108 : Berlin, 1878. Beferenoes 
to the original works are giren here. 
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have made the trial. Alcohol, then, makes no one stronger ; 
it only deadens the feeling of fatigue. 

One of the disagreeable sensations which alcohol dimin- 
ishes is that of tedium. This feeling. is, however, like the 
sensation of fatigue, one of the arrangements for self-re- 
giilation which the organism possesses. Just as the feeling 
of fatigue makes us rest, so the feeling of tedium encourages 
us to exertion, without which nerve and muscle atrophy. 
It is interesting to observe what curious means a lazy and 
empty-headed man adopts in order to be free from the demon 
of tedium without making personal exertion. It drives him 
without rest from place to place, to this company and that, 
from one distraction to another. But all these attempts to 
escape from himself would be in vain, and the bulk of man- 
kind would be driven to exercise their brain and muscles in 
some way or another, in order to obtain the feeling of rest 
and satisfaction and to lose their sense of tedium, were 
it not for alcohol. Alcohol frees them easily and agreeably 
from this demon. A drinker is never conscious of his own 
emptiness. He wants no interests and ideas; he has the 
comfort and satisfaction of narcosis. There is nothing so 
dangerous to the development of a man, nothing which so 
undermines his character, nothing which so surely destroys 
the remaining energy he is capable of, as the continual 
deadening of the sense of tedium by means of alcohol. 

Another point which is adduced in favour of alcoholic 
drinks is, that they diminish the waste of the body. It is 
true that a slight diminution in the excretion of nitrogen, 
and consequently of proteid decomposition, is observed Bfter 
moderate doses of alcohol.* But it is difficult to understand 

* A. P. Fokker, ** Kederlandsoh Tijdsohrlft voor Gkneesknnde, p. 125: 
1871 ; Imxn. Munk, Verk, der PhytioL Ge$. su Berlin : Jan. 8, 1879 ; L. RiesB, 
ZeUtehr. /. Min, Med,, Tol. ii. p. 1 : 1880. Other authors, among whom Porkes 
(Proo. Boy, Soo», Tol. zz., p. 402 : 1872) is to be noted for his exact and reliable 
experiments, have found that alcohol exercises no influence on the excretion of 
nitrogen. H. Keller htM recently carried out a careful experiment on human 
metabolism {Zeitaohr, f, phy$iol C%m»., vol. xiit p. 128 : 1888). 
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why this should be made a reason for recommending alcoholic 
drinks. Why should we wish to diminish the metabolism of 
the body^ Is not metabolism^ or the breaking down of the 
tissues^ the sonrce of all our energy ? The intensity of this 
disintegrating process, this conversion of potential into kinetic 
energy, is constantly regulated by a complicated nervous 
mechanism, which now acts in an inhibitory, now in an 
accelerating direction, according to the requirements of the 
various organs. To' interfere with this self-controlling me- 
chanism by the action of poisonous substances can hardly be 
wise, since we are almost entirely in ignorance concerning its 
intimate character. What means have we of judging whether 
the metabolism is too quick or too slow ? 

In large doses, alcohol increases instead of diminishing 
the excretion of nitrogen.* In this respect it resembles 
certain powerful poisons, especially phosphorus and arsenic, 
which cause increase in the excretion of nitrogen, but at the 
same time diminish the amount of oxygen taken up and 
carbonic acid excreted, and consequently produce fatty degene- 
ration of various organs. It appears that these poisons give 
rise to the production of fat from proteid ; the nitrogen, with 
a small quantity of the carbon, is separated from the proteid 
molecule, and the residue, free from nitrogen, is stored up in 
the tissues as fat. We shall have to consider this process 
in greater detail in a later section (Lecture XX.). Possibly 
the fatty degeneration of the organs sometimes observed in 
drunkards is to be referred to a similar action. But, un- 
fortunately, the experiments hitherto made have not decided 
with certainty whether the absorption of alcohol has any 
influence on the elimination of carbonic acid.f 

* Imm. Hirnk, loe. eU, 

t The oft-quoted espeiiments of Boeok and Bauer aUow of no definite oon- 
olanoD, as the duration of the experimeots was too short (ZeiUehr.f, Biolog,, 
voL X. : 1S74). The same is still more applicable to the experiments of Wolfers 
(Areh, /. d. qe9am, Phy$i6L^ yol. xxxii. p. 222 : 1883). K. Simanowski and 0. 
Schoomoif have shown that absorption of alcohol diminishes the oxidation of 
bensol into phenol cPflUger, vol. xxxiii, p. 251 : 1884). 
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It is commonly thought that alcoholic drinks act as aids 
to digestion. In reality it would appear that the contrary is 
the case. Any one may make the observation on himself, that 
a meal without alcohol is more quickly followed by hunger 
than when alcohol is taken. The inhibitory influence of 
alcohol on digestion has been observed on a patient with 
a gastric fistula,* on several other persons by the aid 
of the stomach-pump^t and by means of numerous other 

experiments, t 

Up to this point I have chiefly considered the action of 
alcohol on persons who are usually called moderate drinkers* 
To describe the ultimate consequences of excessive drinking 
can hardly come within the scope of these lectures. It may 
be mentioned, however, that the misuse of alcoholic drinks 
causes a whole host of diseases ; that no organ of our body 
remains free from its injurious action. It is also apparently 
certain that from 70 to 80 per cent, of crime, from 80 to 90 
per cent, of all poverty, and from 10 to 40 per cent, of the 
suicides in most civilized countries, are to be ascribed to 
alcohol. 

We must, however, strictly discriminate between the use 
of alcohol as a luxury and an article of diet, and its use as a 
medicine. In the opinion of many practitioners, it is indis- 
pensable as a medicine. It is precisely its paralyzing pro- 
perties which render it valuable in this case. It is a mild 
ansBsthetic, and acts as a sedative by diminishing abnormally 
increased reflex irritability. Alcohol is further used as an 
anti-pyretic ; but proof of its value in this capacity is still 
lacking. 

Tea and coffee are much less likely to cause ill effects 
than alcoholic liquors. They exert no paralytic influence ; on 

* F. Kretschy, Deutseh. Areh^f. Hin, Med., vol. xyiii. p. 527 : 1876. 

t W. Bnchner, ibid., toI. xxix. p. 537 : 1881. 

X Emil Sohfitz, Prager med. Wochentchr^ Na 20 : 1885 ; Bikfalvi, Malj's 
Jdhretiber, /. Thierchem,y p. 278: 1885; Massanori Ogata, Arch. f. Hygiene^ 
ToL ill. p. 204 : 1885 ; Klikowiez, Yiicbow's Arcli^ vol. oil. p. 860 : 1885. 
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the contrary, they are helpful in both mental and physical 
exertions. In their use there is but little danger of excess* 
It is true that they occasionally disagree with certain people, 
especially if taken in too large quantities ; and their long*- 
continued misuse may cause illness. But in these cases 
there is but little difficulty in inducing the people so cLffected 
to abstain. A patient who is recommended seriousljr to 
abstain from taking too much tea generally does so; a 
patient who takes too much alcohol does not easily give it 
up. A man rarely becomes the slave of coffee or tea, and 
excessive drinking of tea and coffee never produces a state 
of moral irresponsibility, nor leads to the commission of 
crime. 

Tea and coffee contain, as is weU known, an active 
principle common to both, caffeine or theine, which is closely 
related to xanthine, a crystalline substance rich in nitrogen, 
which enters in small quantity into all our tissues. We 
shall study xanthine in connection with the chemistry of the 
urine (Lecture XVI.). Oaffeine is xanthine with three methyl 
groups introduced into its molecule, and it can be artificially 
prepared from these constituents.* 

It is a very remarkable and surprising fact that people 
of the most different races, in all parts of the world, have 
succeeded in discovering caffeine in the most varied plants. 
The Arabs found it. in the coffee bean; the Chinese in tea; 
the natives of Central Africa in the cola nut {Cola acuminata) ; 
those of South Africa in bush tea, the leaves of a variety of 
Cyclopia ; the natives of South America in Paraguay tea (Ilex 
paragtLayensis), and in the seeds of Paulinia aorbilis, a 
Brazilian creeper. This fact is the more remarkable as 
caffeine can be detected neither by its taste nor smell. Also 
interesting is the close relation of this universally prized 
luxury to one of the constituents of our tissues. It is possible 
that the caffeine molecule, in consequence of its similar con- 

» Emil Fischer, Liebig's Jimdl.t vol. ooxv. p. 253 : 1882. 
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stitution^ has an affinity for the same tissue elements in 
which xanthine is found, and that it plays an analogous 
though, in consequence of its more complex constitution, a 
modified part. This may explain the stimulating action 
which it possesses. 

Caffeine is mostly destroyed in the tissues of our body. 
Experiments* conducted in Dragendorff 's laboratory in Dorpat 
have shown that of the amount of caffeine which is absorbed 
as the result of ordinary tea and coffee drinking — a cup of 
coffee contains about 0*1 grm. caffeine, and the same is con- 
tained in from 2 to 10 grms. dry tea-leaves — none passes into 
the urine. Caffeine can be detected in the urine when 0*5 grm. 
caffeine has been taken. Caffeine has no influence on the 
proteid composition of the organism. Yoitf has shown by 
careful observation that the amount of nitrogen excreted is 
neither increased nor diminished by the use of caffeine. 

This is not the place to give a detailed account of the 
various modes of action of caffeine ; I must refer you to works 
on pharmacology. In addition to this common constituent, 
tea contains ethereal oils, and in coffee certain aromatic 
substances are formed as the result of roasting ; hence the 
difference of taste and action of these substances. 

A substance chemically closely allied and of similar 
action to caffeine is found in the cocoa bean. This is 
theobromine, a xanthine with two methyl groups. In the 
seeds of Pavlinia sorbilis, from which guarana paste, much 
liked in South America, is prepared, both . these substances 

* Bioh. Schneider, ^ Ueber das Schicksal dee CafTeins nnd Theobromins im 
Thierkorper, nebst Untersnchnngen iiber den Kachweis des Morphins im Harn,** 
Diflsert. : Dorpat, 1884. Sohntzkwer (*' Das Caffein a. sein Yerhalten im Thier- 
korper,** Dissert. : Konigsborg, 1883) found that, of 0*2 grm. of caffeine sub- 
cataneoaslj injected into a dog, only 0*012 reappeared in the urine. Malj and 
Andreasoh (**Studien iiber Caffein und Theobromin," Manatshefte der Chem,^ 
Hay : 1883) found that, of O'l grm. administered internally to a small dog^ 
0*006 reappeared in the urine. 

t 0. Voit, ** Unl iib. d. Einfl. des Koohsalzes, des Eaffees und der Koskel- 
bewegUBgen anf den Stoffweohsel," p. 67-147 : Milnchen, 1860. 
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aro united. Filehne* has recently studied the action of 
theobromine on muscle and on the central nervous system. 
He has arrived at the interesting result that the chemical 
series, caffeine (trimethyl-xanthine), theobromine (dimethyl- 
xanthine), and xanthine present a corresponding series in 
their pharmacological action. A monomethyl-xanthine is 
at present unknown. The cocoa bean is not only a luxury, 
but also very valuable as nutriment; it contains half its 
^ weight of fat, and in addition aboat 12 per cent, of albumen. 
Chocolate might be very serviceable for military purposes. 
It is hardly possible to carry food in a more concentrated 
form than in chocolate. 

BouiLLOK and extbact of meat, which is bouillon evapo- 
rated to a semi-solid consistence, afford the most harmless 
subsidiary aliments. The extractives of meat do not, so far 
as is known, exert the slightest narcotic influence. They 
act entirely on taste and smell. This agreeable effect can 
hardly be overestimated, but we must guard against sup- 
posing that meat bouillon possesses a strengthening and 
nourishing influence. In regard to this, the most delusive 
notions are entertained, not only by the general public, but 
also by medical men. 

Until quite recently, the opinion was held that bouiUon 
contained the most nutritive part of meat. There was a 
confused idea that a minute quantity of material — a plateful 
of bouillon can be made from a teaspoonfol of meat-extract — 
could yield an effectaal source of nourishment, that the 
extractives of meat were synonymous with concentrated 
food. 

Let us inquire what substances could render bouillon 
nutritious. The only article of food which meat yields to 
boiling water is gelatin. It is weU known that albumen is 
coagulated on boiling, the glycogen of meat is rapidly 

* WUhelm Filehne, Dn.Boii' ^rdL,p.72: 1886: also Kobert, Arch.f, exper, 
Fath.%. Phami., yd. xy. p. 22: 1882. 
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converted into sugar^ and this again into lactic acid. The 
quantity of gelatin is> moreover, very small ; for a watery 
solution which contains only 1 per cent, of gelatin, coagulates 
on cooling. Such coagulation may occur in very strong 
soups and gravies, but never in bouillon. Bouillon, therefore, 
contains much less than 1 per cent, of gelatin. In preparing 
extract of meat, the quantity of gelatin is reduced as much 
as possible, because it is in a high degree liable to putrefactive 
changes, and therefore likely to interfere with the preservation 
of the preparation. The other constituents of bouillon are 
decomposition products of food-stuffs — products of the oxida* 
tions and decompositions which take place in the animal 
organism. They cannot be regarded as nutritious, because 
they are no longer capable of yielding any kinetic energy, 
or at most such a small amount that it is of no importance 
whatever. 

Nevertheless, until the most recent times, creatin and 
creatinin,* which are among the chief constituents of meat* 
extract, were regarded as the source of energy in muscle* 
This assertion was shown to be untrue by the researches of 
Meissner f ftnd of Yoit,t who proved conclusively that creatin 
and creatinin are excreted in the urine twenty-four hours after 
their absorption without loss. A material which is neither 
oxidized nor decomposed cannot form a source of energy, 
apart from the fact that the quantity of creatin and creatinin 
which is absorbed in bouillon, is so small that it could not 
possibly be seriously regarded as the source of muscular 
energy. 

It has further been asserted that the addition of extract 
of meat increases the nutritive value of vegetable food, and 
gives the latter the same value as fresh meat. This assertion 

* For the chemical constitution and the physiological Bignificance of these 
compounds, see Leetnre XVI. 

t G. Meissner, Zeitschr. /. rat Med., vol. zxiv. p. 97 : 1865 ; vol. xxvL p. 
225: 1866; and vol. xxxi. p. 283: 1868. 

t C. Voit, Zeiitehr.f. Bioiog., voL iv. p. Ill : 1868. 
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has also been refuted by Voit and his pupils,* who have shown, 
by experiments made on man and on animals, that the un- 
favourable conditions of assimilation which characterize 

vegetable food are not improved by the addition of extract 
of meat. 

Finally, the attempt has .been made to attach a value as 
a food to extract of meat, in consequence of the considerable 
quantity of salts, " nutritive salts," which it contains. But, 
as I have already explained (p. Ill), there is no lack of salts 
in our [food, but always an excess. Even for the growing 
organism there is only one inorganic constituent which could 
be deficient, i.e. carbonate of lime. But there is very little 
lime in meat-extract; the ash contains only 0*28 per cent. 
OaO.f No one would be likely to eat more than 80 grms. of 
meat-extract, which represents the amount obtained from 1 
kgrm. of meat, and contains only 0*015 grm. of lime — ^that 
is, the same quantity as is contained in 10 c.cms. of cow's 
milk. 

We must, therefore, conclude that meat-extract is only a 
subsidiary aliment. It is asserted even at the present time 
that extract of meat acts in the same stimulating and 
refreshing manner as tea and coffee undoubtedly do; but 
up to this date no direct action of extract of meat on 
muscles or nerves has been proved. The only investigation 
in this direction is due to Eemmerich,} who lays stress on the 
large amount of potassium salts contained in extract of meat, 
and asserts, as the result of his experiments, that they exert, 
in small doses a stimulating, in large doses a depressing, 
effect on the function of the heart. He therefore warns 
against immoderate use of the extract of meat. 

So far as the potassium salts are concerned, the following 

* Ernft Bischoff, ZeUtchr, /. Biolog,, vol. ▼. p. 45i : 1869 ; and G. Voit 
ZeU9ehf,f. Biolog^ toI. W. pp. 359, 360 : 1870. 

t O. BuDge, VMgefs Archly vol. iv. p. 238: 1871. 
X Kemmerlob, Pfluger's Arch., vol. ii. p. 49: 1869. 
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is really the case.* The stimulating action on the heart 
which Kemmerich observed was in no way due to the potas- 
sium salts^ but simply to the fact that he used rabbits for his 
experiments. Being very timid animals, the injection of 
almost any indifferent substance, such as a solution of sugar, 
or of common salt, may easily produce a decided increase in 
the rate of the pulse. The mere passage of the stomach 
sound is sufficient to produce this effect. By large numbers 
of experiments both on dogs and on the human subject, I 
have convinced myself that the introduction of potassium 
salts into the stomach is never followed by the slightest 
increase in the rapidity of the pulse. 

The paralyzing influence on the heart, observed by 
Kemmerich, is due to his having used an amount of potash 
salt quite out of proportion to the weight of the rabbit. To 
give a rabbit of 1000 grms. body weight, 5 grms. of potash 
salts, is the same as giving a man 800 grms. An additional 
factor in the case of a rabbit is that it is unable to vomit* 
It is impossible to produce any influence on the heart of the 
dog, since an excessive dose of potassium salts is promptly 
followed by vomiting. I have found by numerous experi- 
ments that the maximum dose (about 12 grms.), which can 
be taken without causing vomiting, is quite without influence 
on the action of the heart* In cases where poisoning has 
actually ensued as the result of overdoses of potassium salts, 
death has been due to a gastro-enteritis, and not to any effect 
upon the heart. Potash salts have a local cauterizing effect. 
The gastric mucous membrane of animals into whom salts 
of potassium have been injected, is always hypersdmic, and 
sometimes marked with ecchymoses. If the potassium salts 
are given in a very concentrated form, especially in powder, 
gastritis, with a fatal result, may be produced. 

* 6. Bange, ibid., vol. iy. p. 285 : 1871 ; and ZeiUt^r. /. Biolog., vol. iz. p. 130 : 
1873. Lebmaan has reoently confirmed my roBUlta (see Arek,/. Hygiene, toL iii. 
p. 249 : 1885). 
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Paralysis of the hearty caused by potassium salts, follows 
rapidly if the solution be injected directly into the blood. As 
the result of my own experience, I have convinced myself that 
when 0*1 grm. KGl is injected into a medium-sized dog, an 
almost immediate arrest of the heart follows. Subcutaneous 
injection of potassium salts also causes cessation of the 
cardiac beat. But paralysis of the heart is never preceded 
by acceleration, but always by a slowing of the pulse. 

It is hardly necessary to recur to experiment in order to 
show how entirely innocuous salts of potassium are when 
taken by the mouth ; it has only to be borne in mind how 
large a quantity is constantly consumed with vegetable food. 
1 have already noticed the fact that a man who lives chiefly 
on potatoes absorbs over 40 grms. of potash salts in the 
course of a day (p. 121). 

The potash salts, therefore, which occur in bouillon cannot 
produce any effect on the heart, neither small doses stimu-* 
lating it, nor large ones paralyzing it. But even if we 
could admit the exciting action of potassium salts, it would 
be difficult to see why we should take bouillon on account of 
the potash it contains, since we could get much more with 
almost any other form of food. Five grammes of extract of 
meat will make a plateful of bouillon, and they only contain 
0*5 grm. potassium, the same quantity as in a small potato. 

We see, then, that the only experiment which has been 
hitherto attempted to demonstrate the stimulating influence 
of extract of meat has not been successful. 

It has frequently been asserted that the organic con- 
stituents of meat-extract exert an influence on the muscular 
nervous system, but never on sufficient ground. As regards 
creatin and creatinin, in particular, Yoit * has given details ; 
he found that 6'8 grms. creatin and 8*6 grms. creatinin 
given to a dog produced no symptoms whatever. More 

* C. Vott, ** Ueber die EDtwioklang der Lehre von der Quelle der Maskel- 
krafV p. 39: 1870; or ZeiUchr.f, BMog^ vol. tL p. 343: 1870. 
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recently Eobert * has endeavoured to demonstrate an action 
of oreatin on muscle. The experiments were conducted on 
frogSi and excessive doses of creatin used ; but the result was 
ambiguous. Human muscle could hardly be influenced by 
the minute quantity (about 0*2 grm.) of creatin contained in 
an ordinary plateful of soup. This can be deduced a priori^ 
quite apart from the observations of Yoit. Our muscles 
contain about 8 per 1000 creatin.f The whole muscular 
system of an adult man, which amounts to about SO kgrms., 
contains consequently about 90 grms. It is also found in 
the nervous system and in the blood. With regard to the 
small quantity of creatin which is taken in bouillon, absorbed, 
and at the same time rapidly excreted by the kidneys, we 
are uncertain whether it ever reaches the muscles at all. 
And even if a small quantity should do so, it can hardly be of 
any importance, when we know that the muscles already 
contain 90 grms. of creatin. 

That some other organic constituent of meat-extract may 
produce an effect on the muscular or nervous system, must 
be admitted to be remotely possible ; at present it is in 
no way proved. We know, with regard to bouillon, abso- 
lutely no more than that it tastes and smells agreeably. 
This fact, however, suffices to explain all the "enlivening" 
and " strengthening " virtues which common experience 
attributes to extract of meat and bouillon, and to recommend 
them as valuable subsidiary articles of diet. 

* Areh.f. experim. Paih, u. Pharm^ vol. xv. p. 56: 1882. 
t Ft. Hofmann, ZeiUckr. f, Biolog,, vol. iv. p. 82: 1868; M. Perls, J)euUch. 
4rch»f, Jdin* Med., vol. vi. p. 243: 1869, 
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LECTURE IX. 

SALIVA AND GASTRIO JUICE. 

We have in previous chapters become acquainted with the 
various food-stuffs, and we must now trace their course 
through our bodies, and the continuous changes which they 
undergo. 

The first fluid with which the food comes in contact on 
being introduced into the alimentary canal, is the saliva,* 
which is well known to be the secretion of three larger pairs 
of glands, and of the small glands in the mucous membrane 
of the mouth. The amount of saliva formed in the course 
of twenty-four hours is very considerable, and, according to 
an approximate estimate of Bidder and 8chmidt,t is about 
1500 c.cms. This secretion might, therefore, be expected to 
play an important part in the processes of digestion, but 
it has not yet been found that it does so. The saliva has 
no effect on most articles of diet ; starch alone is converted 
by its means into dextrine and sugar. But even this action 
is very inconsiderable; it is nothing compared with the power- 
ful action of the pancreatic juice in breaking up starch. The 
period during which the saliva acts is of very short duration. 

* The pTOoesses of aeoretion in the salivary glands have been more closely 
investigated by Bernard, Ludwig, and Heidenhain than those in any other 
glands, and the results of these investigations are among the most important 
achievements of modem physiology. But these works have thrown no light 
upon the chemical processes in glandular functions. I therefore think it better 
to pass them over, especially as they are adequately described in all text-books 
of physiology. 

t Bidder and Schmidt, « Die Yerdauungssafte und der Stoifweohiel," P- 1^ : 
Hitau and Laipsig, 1852. 
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The salivary ferment can only operate fully on starch under 
the faintly alkaline reaction which belongs to normal saliva. 
This action is immediately enfeebled or entirely neutralized 
by the acid gastric juice.* Thus only a very small portion 
of the starch consumed is split up by the salivary ferment. 
But the saliva of some mammals has not even this slight 
action, as in the case of the camivora, where, for teleological 
reasons, it might be expected to be absent. 

As saliva is very abundantly secreted by carnivora, it is 
apparent that the decomposition of starch is not its main 
function. 

It was hoped that by extirpating the salivary glands of 
dogSyf and then observing what disturbances took place in 
consequence, a conclusion might be arrived at, as to the 
importance of saliva. No prejudicial effects were detected, 
although it was remarked that the dogs drank more water 
than usual with their accustomed and carefully regulated diet. 

It appears that the saliva is chiefly of importance from 
a mechanical point of view. It moistens the food in the 
mouth and prepares it for the act of swallowing. At the 
same time, the mouth is kept clean by the constant secretion. 
If particles of food were allowed to remain in the mouth, the 
acids which would be formed as the result of their decompo- 
sition, would injure the teeth ; this is prevented by the mouth 
being continually kept moist with the alkaline saliva. If 
this view of the use of saliva is correct, we should expect the 
salivary glands of mammals living in water to be absent, since 
the food they take is always sufficiently moist, and the cavity 
of the mouth is constantly being washed out by water. This 
is in fact the case. The Getacea lack salivary glands entirely, 
and in the Pinnipedia they are only rudimentary. 

* O. Qammarsten, Panum's Report in the JahreAericJU Uber die Leistungen 
dergeB. Mediein., Jahrg. vi. vol. i. : 1871. 

t 0. Fehr, " Ueber die Ezstirpatlon sammtUcher Speicbeldrusen beim Huude," 
Diflsert : GieBsen, 1862. 
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In the stomach the nutriment meets with a second secre- 
tion, the OASTBic JUICE, distinguished from all the other diges- 
tive fluids by its acid reaction. This acid reaction is due 
to the free hydrochloric acid. The proof of this was furnished 
by Carl Schmidt.* He determined the exact quantity of the 
chlorine and of all the bases, potassium, sodium, -lime, mag^ 
nesium, oxide of iron, and ammonia. The result was, that 
after allowing enough hydrochloric acid to saturate all the 
bases, a quantity remained over which amounted to about 
2*5 to 4 grms. in 1 litre. Carl Schmidt determined, in 
addition, the amount of free acid by means of titration, and 
obtained almost exactly the same numbers as in the case of 
the determination by weight. 

If we now inquire into the signification of this free acid, 
we find that most writers regard it as subserving the digestion 
of proteids. Proteids, and gelatins which are closely allied 
to them, are in fact the only articles of diet which are altered 
by the gastric juice. They are changed into peptones,-!* which 
are distinguished from proteids and gelatins by the fact that 
they no longer retain their colloid properties, are no longer 
coagulable, are more readily diffusible through animal mem- 
branes, and consequently appear particularly suited for 
absorption into the blood. This peptonizing action is attri- 
buted to a ferment called pepsin.^ Pepsin is, however, only 
effectual in the presence of a free acid. Hence, up to the 

* Bidder and Sohmidt, «* Die Verdauaagsaiifte uad dar Stoffveohsel/' pp. 44, 
45: Mitau and Leipzig, 1852. 

t The nature and signifloation of the peptones wiU be discnsaed later on (see 
Lectures X. and XII.). 

X Bee Lecture X. for the experiments on the isolation of pepsin. Besides 
pepsin, another ferment, the ''rennet ferment," is included in the gastric juioe, 
and this is said to cause the coagulation of milk in the stomach. Nothing is known 
eonceming the physiological import of rennet^KSoagulation. I therefore omit all 
account here, and refer the reader to the works of Hammarsten (LdJcarefdrenningg 
FihiumdUngar,volyiii.p.eS: 1872; vol. iz. pp. 363, 452: 1874) of which a complete 
abstract wiU be found in Maly's Jdkre§beHeht /Qr Thierchemie. ** Zur Kenntnisa 
des Caseins u. der Wirkung des Labfermentes : " Upsala, 1877. Alex. Schmidt 
" Beitrag zur Kenntniss der Milch : " Durpat, 1874. See Lecture X. for an 
aecottnt of fermeuW. 
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present time it has been the custom to regard free acid as 
being only of use in rendering the action of pepsin possible. 

But vfe cannot be content with this explanation ; we know 
that the pancreatic ferment acts even more energetically than 
the gastric juice, and that it is most efficacious when the 
reaction is faintly alkaline. Why should the gastric glands 
have the severe labour of separating free hydrochloric acid 
from the alkaline blood, if the organism can effect its purpose 
by much simpler means — ^by the secretion of an alkaline 
fluid? The free acid must have some other signification. 
At the present day, when our knowledge of putrid fermenta- 
tion and the means of combating it has so much increased, 
and when we have found that free mineral acids are to be 
counted among the most effectual antiseptics, it is not un- 
reasonable to attribute this function to the free hydrochloric 
acid of the gastric juice. It has the duty of killing the 
micro-organisms which reach the stomach with the food. 
These would otherwise set up processes of decomposition in 
the alimentary canal, and thus destroy a part of the food 
before its absorption, whilst the products of decomposition 
would produce disagreeable symptoms, or even, as a cause of 
disease, endanger life. 

N. Sieber,* in Nencki's laboratory in Berne, determined 
the strength of the hydrochloric acid which suffices to prevent 
the development of putrefactive organisms in substances 
capable of putrefaotioh, and arrived at the following results. 

If 60 girms, finely chopped meat were put into an open 
flask with 300 c.cms. of a O'l per cent, solution of hydrochloric 
acid, only a scanty development of micrococci and bacilli 
took place in twenty-four hours. After forty-eight hours 
they had somewhat increased, and on the third day the fluid 
presented a distinctly putrefactive odour, and a weakly acid 
reaction. 

When the experiment was made, ceteris paribus, with 0*25 

* N. Sieber, Journ./. prakt Chem., vol. six. p. 433 : 1879. 
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per cent, hydrochloric acid, isolated non-motile organisms 
were not fomid till the seventh day, and pronounced forma- 
tion of mould not until the ninth day. 

In a third experiment carried out, ceteris paribus, with 
0*6 per cent* HCl, *^ no trace of putrefaction " appeared 
until the seventh day. 

Miquel * attained the same result, finding that from 02 
to 0*8 grm. mineral acid was sufficient to render 100 c.cms. of 
bouillon incapable of undergoing putrefaction. 

In the gastric juice of a dog — obtained from a gastric 
fistula, and from which all admixture with saliva had been 
prevented by previous ligature of all the salivary ducts — 
G. ^SiBhmidt f found in eight analyses, from 0*25 to 0*42 per 
centi^Gl, the mean of the eight analyses being 0*83 per 
cei)£. Heidenhain^ found in the secretion of the glands of 
thb* cardiac end of the stomach, § by means of titration in 
thirty-six cases, from 0*46 to 0*58, as a mean 0*52 HGl 
per cent. 

In Hoppe-Seyler's laboratory , || the free acid contained 
in the undiluted gastric juice, obtained from a man by the aid 
of the stomach-pump, was determined; 0*8 per cent. HGl 
was found. 

We thus arrive, then, at the striking result, that the 
quantity of free hydrochloric acid in the gastric juice exactly 
corresponds to the quantity which is necessary to prevent the 
development of putrefactive organisms. This coincidence 
cannot be accidental. 

It might be objected to this ihat the gastric juice is diluted 
by the saliva and the food. On the other hand, it must be 
remembered that, owing to the constant peristaltic action of 

* Hiqnel, ** Centralblatt f. allgem. Qestindheitspflege/' vol. ii. p. 403: 1884. 
t Bidder and Schmidt, loc, eit., p. 61. 
t Heidenhain, Pflufi^er's Areh., toI. xix. p. 153: 1879. 
§ The method of obtaining the flecretion from these glands will be dlMsussed 
later on (see p. 166). 

I Dionys Bzabo, ZeiUehr.f. phy$, Chem,^ vol. L p. 155: 1877. 
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the stomachy dififerent portions of its contents are constantly 
being brought into contact with the secreting wall^ and con- 
. sequently into contact with hydrochloric acid of the strength 
requisite to kill bacilli. In fact, under normal conditions, 
pronounced putrefactive decomposition never occurs in the 
stomach. But if, under pathological conditions, the secretion 
should be interfered with, the processes of fermentation and 
decomposition may reach a very high degree. 

The antiseptic action of the gastric juice was noticed more 
than a hundred years ago by Spallanzani.* He found that by 
moistening meat with gastric juice he could prevent decom- 
position for many days. But when, ceteris paribus, water 
was used instead of gastric juice, an unbearable putrid odour 
was speedily developed. A snake had swallowed a lizard. 
After sixteen days Spallanzani opened the stomach; the 
lizard was half digested, but gave no odour of decomposition. 
Spallanzani even observed that the gastric juice not only 
prevented decomposition, but stopped putrefaction which had 
already begun. He found that when decomposing meat was 
introduced into the stomachs of various animals, it lost its 
putrefactive character after a time, and particularly its putrid 
odour. 

A strong point in favour of the view that the antiseptic 
action of the gastric juice constitutes its chief importance is 
found in the fact, that in a whole series of the lower animals, 
the commencement of the alimentary canal secretes a fluid 
very rich in mineral acid, but containing no ferment, and 
having no special action on the food. This important fact 
was first noticed by the zoologist TroscheLf He was making 

* SpaUanzani, *<Ezp^enoe8 snr la digefliion," Trad, par Senebier, pp. 95, 97, 
145, 820, 330, nouvelle ^it. : Geneve, 1784. This work is strongly to be 
recommended to young phyriologiBta, as an example of impartial inyestigution, 
logical oondnsionB, indomitable scepticism, and the purest enjoyment of truth 
for its own sake. The same qualitieB are visible in all Spallanzani's other works. 

t Trosohel, Poggendorffs AnndL, vol. zciii. p. 614: 1854; or Joum, /. 
praJeL Chem., voL Iziii. p. 170 : 1854. 
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a scientific journey with his teacher, Johannes Miiller, and 
whilst in Messina he examined a large species of mollusc which 
is there found in the sea, the Dolivm galea. It so happened 
that one of these creatures, whilst being examined, suddenly 
ejected from its mouth a stream of clear fluid, which fell on 
the floor. The latter was covered with marble, and the fluid 
at once caused a violent ebullition of carbonic acid. Troschel 
collected a large quantity of this secretion from a number of 
these molluscs. The weight of one of the molluscs amounted 
to from 1 to 2 kgrms., and the two large glands which pour the 
acid fluid into the mouth, and are hence designated salivary 
glands by zoologists, weigh together from 80 to 150 grms. 
On grasping the proboscis of the animal by its trumpet-like 
enlarged end, the secretion is ejected, and can be collected in 
a vessel. The quantity was very small, but amounted in one 
case to fully 6 loth * Prussian weight. It was, therefore, easy 
to collect a quantity sufficient for investigation. 

Troschel, on his return to Bonn, made over the whole of 
the secretion to the chemist Boedeker, for analysis. It struck 
Boedeker at once that the fluid displayed no trace whatever 
of putrefaction or fermentation, or of mouldiness, although it 
bad been kept for half a year in a stoppered bottle, and that 
it had no smell. The analysis yielded so large a quantity of 
sulphuric acid, that after saturation of all the bases present, 
potassium, sodium, magnesium, a little ammonia, and a trace 
of lime, there still remained 2'7 per cent. H3SO4. In addition, 
the secretion contained 0*4 per cent, of hydrochloric acid. 
These results of Troschel and Boedeker were confirmed by 
Panceri and De Luca.f They found in three analyses of the 
saliva of DoUum galea, 8*8, 8'4, 4'1 per cent, of free sulphuric 
acid. They also proved the presence of secretions containing 
free sulphuric acid in another species of mollusc. 

In more recent times, the saliva of Dolium galea has been 

* A *" loth " iB half an (ninoe.~Ed. 

t B. de Luca and P. Panoeri, CompL rend., t. Ixv. pp. 577, 712 : 18C7. 
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examined by Maly.* He has determined the salphorio acid 
by titration, and found 0*8 and 0*98 per cent. H3SO4, in two 
determinatione. The secretion had no digestive influence on 
any article of food. Proteid and starch remained totally 
unchanged* 

Fredericq f found that the salivary glands in the octopus 
had an acid reaction. The extract of these glands had no 
digestive influence. 

We must now ask how this remarkable phenomenon, the 
secretion of the strongest free mineral acids &om the alkaline 
tissues, is to be explained. 

That the tissue of the gastric mucous membrane does, as 
a matter of fact, give an alkaline reaction, has been shown by 
BriickeJ by the following experiment. He removed a strip 
of the muscular coat from a rabbit recently killed, and then, 
with curved scissors, cut out a piece of the parenchyma 
of the glands without quite touching the internal surface of 
the mucous membrane. The fragment thus obtained could 
be crushed between blue litmus paper without causing a red 
spot, whilst this was produced at once on contact with the 
internal surface. 

The material for the formation of the hydrochloric acid 
in the gastric glands is undoubtedly yielded by the blood in the 
form of chloride of sodium, which forms the chief con* 
stituent of the ash of the blood-plasma and of lymph. But 
nevertheless carbonate of soda is contained in both blood and 
lymph, which have, in consequence, an alkaline reaction. 
How, then, is the hydrochloric acid set free from the sodium 
chloride of the alkaline plasma? Two suppositions alone 
are possible. Either the hydrochloric acid is separated from 
the sodium by the aid of some kinetic energy, or the hydro* 
chloric acid is driven from its base by another acid. With 

* Maly, SiUungtber, d, h, Akad. d, WtBtenBeh^ Mathem. natorw. Glafise, toL 
Ixxxi. Abth. 2. Sitzung, vom Man. 11, p. 876 : Wien, 1880. 

t Fr^drioq, BuUetin$ de Vaoad, r&y. de Bdgique. 8^. ii. t. xlru No. 11 : 1878. 
X Bruoke, Bitgungtber, d, Wien, Akad., yoL xxz?ii. p. 181 ; 1859. 
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regard to the first possibility, we are only acquainted with 
one kind of kinetic energy which is able, outside the organ- 
ism, to separate hydrochloric acid from an aqueous solution 
of chloride of sodium, and that is the electric current. 
There was a period in the development of physiology when 
a tendency existed to ascribe anything which could not be 
understood to electricity. It was then thought that the 
appearance of free hydrochloric acid in the gastric juice 
could be explained by the supposition of electrical currents 
in the gastric glands. But at the present day this view is 
hardly entertained ; neither are there any valid grounds for 
its adoption. 

With regard to the second supposition, the displacement 
of the hydrochloric acid by another acid, there was till 
recently a prejudice against it, since it was thought that an 
acid could only be displaced by a stronger acid. The ques- 
tion is, whether this opinion is well founded, and what we 
mean by the terms weaker and stronger acid. The most 
plausible definition is obviously the following : of two acids, 
the one which requires a greater expenditure of energy to 
separate it from the same base, and which, on reuniting, pro- 
duces more energy, is the stronger. In this sense, as proved 
by calorimetric experiments, sulphuric acid is stronger than 
hydrochloric acid, hydrochloric acid than lactic acid, and 
the latter than carbonic acid. But it is erroneous to suppose 
that the weaker acid is never able to drive out the stronger. 
From the researches of. Jul. Thomsen,* we know with cer- 
tainty that every acid drives out a portion of every other 
acid from its union with a base. It may even happen that 
the weaker acid unites with the bulk of the bases present. 
If hydrochloric acid be added to a solution of sulphate of soda, 
heat is absorbed and the temperature of the solution falls ; 
more heat is used up in the separation of the soda from the 

* Jul. Thomsen, *'ThermoohemiBche Untemiohungen," Poggendorff's Annal.^ 
T0I& czxxnii.HszUiL : 1869-1871. 
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sulphuric acid than is produced by its union with hydro- 
chloric acid. With the aid of the calorimeter, it is possible 
to follow these experiments quantitatively with exactness. 
Prom the known amount of heat produced by the union 
of hydrochloric acid and sulphuric acid with sodium, and 
from the diminuftion of temperature observed when hydro- 
chloric acid acts on a solution of sulphate of sodium, it can 
be exactly calculated how much sulphuric acid is displaced 
by the hydrochloric acid. Thomsen found that when equiva- 
lent quantities of hydrochloric acid and sulphate of soda 
react upon one another, the hydrochloric acid combines with 
two-thirds of the sodium present, leaving only one-third to the 
sulphuric acid. The weaker acid takes up twice as much as 
the stronger. Strength, as defined above, is therefore not the 
determining factor. We are contpelled to form a new idea 
of the different strengths of chemical affinity, and Thomsen 
has introduced the term '^ avidity " to express this idea. The 
avidity of hydrochloric acid is, therefore, twice as great as 
that of sulphuric acid^ 

Thomsen found the avidity of organic acids to be much 
less. The avidity of oxalic acid is four times less than that 
of hydrochloric acid ; that of tartaric acid twenty times, that 
of acetic acid thirty-three times, less. If, therefore, equivalent 
quantities of acetic acid, hydrochloric acid, and sodium react 
upon one another in an aqueous solution, the acetic acid takes 
-^ of the total sodium ; the hydrochloric f |. If, however, 
more than one equivalent of acetic acid react upon one 
equivalent of hydrochloric acid and one equivalent of sodium, 
more than ^ of the sodium unites with the acetic acid, and 
the further increase will be in proportion to the greater 
amount of acetic acid present. This phenomenon is known 
by the name of the *' influence of mass.*' By the influence 
of mass, acids of the weakest avidity are able to unite with 
the bases and to displace acids of the greatest avidity. No 
acid has an avidity = 0. Even carbonic acid, feeble as it is, 
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must be able, by the inflaence of mass, to displace a part of 
the strongest acid. 

Finally, we must suppose that even the weakest acid^ 
water, may displace a part of the strongest from their salts^ 
If we dissolve neutral chloride of sodium in water^ there will 
be, in addition to the chloride of sodium, a small trace of 
HGl and NaOH contained in the solution. In the case of 
certain metallic salts, which form basic salts, soluble with 
difficulty, the action of water in displacing the strongest 
mineral acids can be easily demonstrated. If we dilute a 
solution of nitrate of bismuth with water, the basic salt is 
precipitated, and we find free nitric acid in solution. In this 
case the mass-influence of the feeble acid is aided by the 
affinity of the strong acid for water^ 

The displacement of strong mineral acids by weak organic 
acids may be shown in other ways than the thermo-chemical. 
Maly* introduced into the lower portion of a tall cylinder, 
a solution of common salt and lactic acid, and carefully 
poured water upon it. After a considerable time, the upper 
stratum was removed and analyzed* It was found to eon- 
tain more chlorine than was sufficient to saturate the sodium 
that was present*. It follows that free hydrochloric acid had 
diffused into the water. 

If we take these facts into consideration, there is nothing 
peculiar in the separation of free hydrochloric acid from 
alkaline blood. We know that the blood always contains free 
carbonic acid, which, by the influence of mass^ has the power 
of setting free a small amount of hydrochloric acid from the 
chloride of sodium. The amount may be almost imperceptible, 
but as soon as this small quantity of free hydrochloric acid, 
which corresponds to the free carbonic acid, diffuses away, 
the carbonic acid, by its mass-influence, must again set free 
another small amount of hydrochloric acid, and so on. 

There is, therefore, nothing extraordinary in the ocour* 

* Muly, Liebig'a Anndl., vol. dxxui. pp. 250-257 : 1874. 
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rence of free hydrochloric acid. But what is ^igmatical ig 
the power ep ithelial cells poss esp ^f ^^'^^^fiting thfi hy^j^gg^^r^"^ 
acid/ liberated from the chloride of sodium, always in the 
one direction towards the excretory duct of the gastric glands, 
and the carbonate of sodium formed from the carbonic acid 
always in the opposite direction, back towards the lymph and 
blood-vessels. But this enigma confronts us everywhere in 
living tissue. Each cell has the power of attracting or re- 
jecting different materials, according to the object they are 
destined to fulfill, and of forwarding them in different direc- 
tions.* ^ 

It is, therefore, no fresh problem that confronts us, in the 
attempt to explain the occurrence of free hydrochloric acid 
in the gastric glands, and» in fact, '' every explanation of the 
phenomena of nature consists in referring an apparently 
fresh difi&culty back to old and well-known problems." 

The mass action of carbonic acid appears also to liberate 
the mineral acids in t}ie salivary glands of Dolivm galea. 
De Luca and Panceri observed that a strong current of gas- 
bubbles arose from the glands when they were cut up and 
immersed in water. The gas, being completely absorbed by 
potash, was therefore pure carbonic acid. A gland weighing 
75 grms. produced, when covered with water, 200 c.cms. of 
carbonic acid, or nearly three times its volume. It must 
likewise be remembered that the surrounding fluid retained a 
considerable quantity of carbonic acid, and that the gland 
itself remained saturated with carbonic acid. Thus at least 
four times its volume of carbonic acid was absorbed in the 
gland. As water at an ordinary temperature absorbs from 
an atmosphere of pure carbonic acid its equal volume of 
carbonic acid, we must conclude that the carbonic acid in 
the gland was under more than fourfold atmospheric pres- 
sure ; or we must assume that the carbonic acid was in part 
loosely combined. An exact estimate of the tension of 

^ Compare above pp. 5-C, and 108, and bdow pp. 174-175, and Leoture XYII. 
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carbonic acid which would prevent the escape of the gas from 
the gland, would help to decide this question. 

It is quite possible that much carbonic acid is also 
liberated in the epithelial cells of the gastric glands, either 
by a fermentative process or by the oxidation of organic 
compounds. 

At the same time, we are not obliged to ascribe the dis- 
placement of the strong mineral acids to the most feeble acid, 
carbonic acid. It is quite conceivable that, in the epithelial 
cells of the glands, organic acids may be liberated by the action 
of ferments from neutral organic compounds; for instance, 
lactic acid from neutral sugar, which is invariably a con- 
stituent of blood-plasma and of lymph. It is even possible 
that the strongest mineral acid, sulphuric acid, may be 
liberated, by a fermentative action, directly from a neutral 
compound of sulphur, as, for instance, from proteid. That 
this is possible may be seen from an example in organic 
chemistry — I mean the decomposition of a glucoside, 
myronic acid. 

The potassium salt of myronic acid, a neutral compound, 
splits up by the action of a ferment into sugar, allyl mustard 
oil, and bisulphate of potash, which latter, Graham* has 
shown, at once decomposes in an aqueous solution into free 
sulphuric acid and neutral sulphate of potash. Besides this, 
free sulphuric acid might also be liberated by oxidation ^&om 
neutral organic sulphuric compounds. 

At present we do not know by which, of all these conceiv- 
able processes, the strong mineral acids are liberated in 
glandular tissue. I have called attention to these possibilities 
so as not to be obliged to have recourse to electricity for an 
explanation. 

* Graham, Jjiehif^aHAnnaL^ yol. Izxyii. p. 80 : 1881. In a diffosion experiment 
with bianlpbate of ipotaaiiinm, more snlphuric acid diflfnsed than oorresponded 
to the acid aalt, and a little neutral sulphate of potassium orystallixed out in th* 
diffusion cell. 
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The secretion of the free hydrochloric acid does not 
occur in all glands of the gastric mucous membrane. The 
mucous membrane in the region of the pylorus, which, even 
with the naked eye, can be distinguished by its pale colour 
from the rest of the membrane, yields an alkii^line secretion 
which only contains pepsin. The glands of the rest of the 
membrane yield an acid secretion which contains pepsin as 
well as free acid. This was shown to be the case by Kle*- 
mensiewicz * and Heidenhain t by the following method ; — 

By an incision in the linea alba of a dog that has been 
fasting from thirty-six to forty-eight hours, the stomach is 
drawn out by two parallel incisions, avoiding the large blood- 
vessels, the pylorus-;9one is cut out, the two edges of the 
resected stomach are sewn together, and the organ thus 
reduced in size is replaced. Then the excised pylorus is 
sewn together at one end to form a sac, while the other end 
is sewn into the abdominal wound. By the careful use of 
ftntiseptics in the treatment of the wounds, and by abstinence 
from food during th^ following days, the animals are kept 
alive after this severe operation. Heidenhain was able to 
observe one of the dogs, that he had experimented upon, for 
ten weeks. The tough, slimy, clear fluid secreted in the 
isolated pylorus invariably gave an alkaline reaction, and, on 
the addition of 0*1 per cent, of hydrochloric acid, produced a 
peptonizing action on albumen. As dilute hydrochloric acid 
by itself cannot convert proteids into peptone at the tempera- 
ture of the body, we must assume that the pyloric secretion 
contams a ferment. 

In a similar method to that adopted for the pylorus, 
Heidenhain isolated a rhombic portion of the fiindus of the 
stomAoh, converted it into a sac, and attached the open end 
to the abdominal wound. A dog thus operated upon was 

* Bodolf KlemeBsiewioz, SiUungiherUhte der Wiener Akad,, Math. Da4. Classe, 
▼ol. Ixxi. part iiL p. 249 : 1875. 

t HeidenhaiB, Pflager'd Aroh., ycI. xTiii. p. 169: 1878; and vol. xU- p. 148 : 
1879. 
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observed for five weeks. The seeretion collected from the 
abdominal wound always possessed an acid reaction^ and 
manifested a pronounced peptonizing influence, showing that 
it also contained pepsin. 

Still further progress has been made in determining 
exactly where the hydrochloric acid first originates, and 
special cells of the gastric glands, the so-called border-cells, 
are regarded as its place of origin. The reasons which are 
adduced in favour of this conclusion are by no means con- 
vincing ; but it would lead me too far to consider the whole 
question in detail. '^ 

Since it is possible to keep an animal alive after resection 
of the pylorus, the question arises as to whether the whole 
stomach might not be removed without destroying life. Such 
an operation would be likely to give us much information 
concerning the true importance of the stomach. 

Czemy, the eminent surgeon, and his assistants. Kaiser 
and Scriba, carried out this operation on dogs. In the year 
1878, Kaiser t published the result of the operations, and 
communicated the facts that, of the dogs in which the 
stomach had been almost completely removed, one had sur- 
vived three weeks, another— operated on December 22, 1876 
— ^was still living. At first the animals were only fed on very 
small quantities of milk and pounded meat, as otherwise 
vomiting ensued. The second dog, after a two months' 
interval, required no farther care, and ate ordinary food like 
the other dogs. The weight of the dog before the operation 
was 6850 grms. ; after the operation it fell to 4490 grms. by 
January 22, but then increased again till it amounted to 
7000 grms. on September 10. 

In Leipzig, in the year 1882, Ludwig and his pupil Ogata j 

* An aeooant of the Uteratiue on ibis qneetion is given in the chapter, ** Phy- 
iiologle der Abeondemngsyorgibige," by Heidenhain,iQ Hennaxm'B Handtmch der 
Phy$iol., Yo\. V. part i : X<eipzig, 1883. 

t F. F. Kaiaer, in Cserny's ** Beitrllge zht operativen CMmrgie," p. 141 : 1878. 

t It Ogata, Dn Bois* Ar§h,, p. 89 : 1888. 
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were engaged in investigating the functions of the stomach. 
It occurred to them that it would be interesting to learn what 
had become of Gzemy's dogs. Ludwig wrote to Heidelberg, 
to Czerny, who answered by sending the dog in a perfectly 
healthy state to Leipzig. It was in excellent spirits, and 
ate all kinds of food witii a keen appetite. The faeces were 
normal. In consequence of the abundant food it put on 
weight, and it did not appear to dififer in any way from an 
ordinary dog. With Czerny's consent, the dog was killed in 
the spring of 1882. " The post-mortem showed that only a 
very small portion of the cardiac end of the stomach re- 
mained, and this was dilated into a small cavity filled with 
food." The dog had therefore lived for more than five years 
without a stomach. 

Ludwig and Ogata* adopted another way of excluding 
the stomach from participation in the functions of digestion, 
and of observing what variations from the normal course of 
events were then produced. They introduced the food 
directly into the duodenum, by means of a fistula which 
had been established close to the pylorus, and then closed the 
pylorus by means of a gutta-percha ball provided with a long 
tube which projected from the fistula, and by means of which 
the ball could be so filled with water that the passage from 
the stomach to the duodenum was completely cut off. 

In this way it was possible to introduce, at one time, very 
large quantities of food, such as pounded egg and nunoed 
meat, into the duodenum without causing any disturbance. 
Two injections per diem were sufficient to maintain the 
animal's weight. The food was almost completely used up, 
and the fsBces exhibited normal characters, such as are 
observed in feeding by mouth. The only exception was, that 
sometimes the connective tissue of the food was not quite 
so completely absorbed as is normally the case. It was, how- 
ever, not a matter of indifference whether the food was pre- 

* M. Ogata, he, oit., p. 91. 
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viously cooked or not. For instance, minced meat was only 
completely absorbed if given raw. If administered after it 
had been boiled, it was ejected per anum a few hours later, 
but little or entirely unaltered. Minced pork behaved in an 
opposite way, and was more completely digested after having 
been lightly boiled than when given raw. 

Ludwig and Ogata conclude from their observations that 
the stomach is not necessary to satisfy the requirements of 
digestion, either as a reservoir of food or to produce the 
gastric juice. 

No experiment was made in which a dog, after removal 
of the stomach, was fed by the direct introduction into the 
intestine of putrid meat, a diet which agrees very well with 
normal dogs. The chief function of the stomach would at 
once have been evident had this been done. 

The antiseptic powers of the gastric juice have, like most 
things, a limit. Certain bacteria, and among them patho- 
genic organisms, exhibit, especially in their spore stage, such 
a resistance to chemical agents that the hydrochloric acid of 
the stomach does not kill them. Thus Falk * observed that 
the tubercle bacillus was not acted upon by gastric juice. 
Anthrax virus, taken from the spleen of animals which had 
died of splenic fever, was rendered inert both by gastric juice 
and by a O'll per cent, solution of hydrochloric acid. The 
spores of anthrax bacilli were as a rule not afifected by dilute 
hydrochloric acid or gastric juice, though they were in a few 
cases. These statements have been fuUy confirmed by 
Prank.t 

The comma bacillus, which is said to cause cholera, 
is very easily killed by dilute hydrochloric acid. In conse- 
quence, it is not possible to infect animals by administration 
of the comma bacillus by the mouth. But it is possible some« 
times to excite attacks resembling cholera, by injecting pure 

 Fftlk, Virchow'B Arch^ voL xoili. p. 117: 1888. 
t Frunk, DeuUehe med. IfoeAetucA., No. S4 : 1881 



370 LECTURE IX, 

cultivations of this bacillus into the small intestine, or into 
the stomach, after previously washing out the organ with 
soda solution.* The bacteria which produce lactic and butyric 
fermentation appear to be more resistant to hydrochloric acid ; 
at any rate, they are found very frequently, probably always, 
in the human intestine,t and after eatii^g carbohydrates, a 
small amount of lactic and butyric acids is probably always 
found in the stomach. It has often been asserted that this 
decomposition is produced by unorganized ferments, but it 
has never been strictly proved 4 In the normal faaces of man, 
other species of bacteria are constantly found ;§ but at 
present it is uncertain whether they get there by the stomach 
or by some other way. 

In pathological conditions, as in so-called catarrh of the 
stomachy when the secretion of free hydrochloric acid is sup- 
pressed, and the amount of alkaline mucus yielded by the 
surface of the stomach is increased, the reaction may indeed 
become alkaline, and then all sorts of bacteria ar« able to 
grow luxuriantly.! Lactic and butyric acids especially are 
formed in abundance. The presence of acetic acid has also 
been demonstrated ; the latter is probably produced from the 
alcohol, owing to the o^di^ing influence of ihe air which has 
been swallowed. Alcohol arises by fermentation from the 
carbohydrates^. Not only does yeast, which has actually been 
observed in the stomach, produce alcohol, but certain varie- 
ties of bacteria appear also to do so.lT 

* Nioati et metseh, 9ev, Soien., p. 658: 18S4; B. ^ocjt^, Ikiut$die med. 
Wochenseh,,, No. 45 : 1884. 

t H. Nothnagel, CetUrdtb,/. die med. Wi$$eneeh,, No. 2: 1881. 

t See Ferd. 9ueppe, SfjUtMU a. d. haieerl, Oesw^dJiefUamU., yol. ii. p. .809 : 
Berlin, 1884. Nenoki a. Sieber, Joum,/. prakt, Chem., vol. zxyI. p. 40 : 1882. 

§ See Berthold Bienstock, ZeiUekr. /. klin, Jjfed., voL tUI. p. 1 : 1884; L. 
Brieger, Zeit$ehr,f, phyticL OAem., yoL yiii. p. 806: 1884. 

II An a<^oo1Int of t^e miezo-organisoiB whieli oeour in the stomach under 
pathological conditions, as well as the literature of th^ subject vill be found in 
the treatise of W. de Bary, *' Beitr. zur Kenntniss der niederen Organismjen im 
Mageninhalte" (Areh.f. exp, P«^., toI. zx. p. 243 : ^85). 

% h. Brieger, Zeitechr,/. phytiol CAem., vol. yiii/ p. 308 : 1884. 
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If the organic acids reach the oBsophagus, they cause 
heart-bum, by the irritation of the mucous membranes of 
the QBSophaguB and fauces* This symptom is usually treated 
with carbonate of soda or magnesia, without considermg 
that the cause is thus increased. The free acidB are neutral^ 
ized by the drug, and the growth of the fungi and fermenta- 
tion proceed more rapidly. The only proper treatment of 
heart-bum would be to recommend abstinence to the patient, 
nntil the stomach was empty and disinfected by its norma) 
hydrochloric acid. 

The contents of the stomach in a con3iderable numbisr 
of diseases have recently been examined by means of the 
etomach-pump.* It has been found that the free hydrochlorijQ 
acid is frequently abaent in the gastric juice of the patients, 
whilst pepsin is always present, t For this reason dilute 
hydrochloric acid is frequently prescribed as a remedy in 
dyspepsia. Many practitioners assert that they have obtained 
a favourable result with it* I would, however, warn against 
a too energetic treatment with free hydrochloric acid, espe- 
cially a very prolonged use in chronic gastric trouble* Hydro- 
chloric acid is partly excreted in a free state by the kidneys. 
We are ignorant whether wio should not be throwing too much 
work upon these organs, and whether we should not injure 

* O^ Minkowski, *< MittheUaBgen ans der med. KlinUc zn KSnigsberg i. 
Pr./' p. 148 : 1888. The earlier literature is diacussed here. 

t It has frequently been asserted that free hydrochloric acid ia partly or 
completely replaced by lactic acid, even in the normal gastric juice, but espe^ 
dally in certain diseases. It has even been asserted that the absence of free 
hydrochloric acid might serre for diagnostic piurposes, its absence haying 
been segarded as indicative of carcinoma of the pylorus. A whole series 
of convenient reaeti(»iB for l^e demonstration of tree hydrochloric acid have 
also been sdvsnced. But these tests have not proved reliable, nor has the 
absence of free hydrochloric acid as a sigpi of a definite malady been foand to be 
trustworthy. Just as little has the presence of lactic acid as a constituent of 
nonaal gastric juice been proved. It would appear that the lactic acid found in 
the stomach never comes from the gastrie glands, but always from the carbo^y* 
drates of the food. An account of the extensive literature on this subject will 
be found in Deutsch, Arch,/, klin, Metf., vol. ^xzix. p. 238 (1886), by J. von 
Vermg and A* Caha, entitled " Die Si^uren dca ge8«nd)dn und krankiea Magena.** 



172 LECTURE IX. 

their tissue, by a too prolonged use of it. We are also 
unaware what other tissues are aflfected by the hydrochloric 
acid on its way from the stomach to the kidney, and what 
variations from their normal chemical processes it causes. 
So long as we are ignorant on these points, we must be 
cautious, in the use of powerful remedies like free mineral 
acids. In most cases, the best advice would perhaps be that 
of abstinence, until the whole lining of the stomach has 
become disinfected by normal, undihited gastric juice. Even 
in weakened and anemic individuals, abstinence is perhaps 
more effectual than hydrochloric acid and pepsin, accom- 
panied by more food than their instinct tells them they can 
dispose of. The administration of preparations of pepsin 
and of pancreatin is a useless measure. 

It should also be noted that to begin a meal with soup, 
and to drink much during a meal, are not rational pro- 
ceedings ; because the gastric juice becomes too much diluted, 
and loses its d isinfecta nt properties^ There is an ancient and 
good dietetic rule, not to drink for an hour or two after 
eating, when thirst is actually felt. It is noticeable that to 
the healthy instinct of children soup is repugnant. At 
periods when cholera is prevalent, it is advisable to avoid 
all voluminous foods and to reduce liquids to a minimum, 
60 that the whole contents of the stomach may be impreg- 
nated with hydrochloric acid of the necessary concentration. 

The question as to why the stomach does not digest itself 
is one which has caused much discussion. The tissues of 
the stomach consist entirely of digestible matter — ^proteid 
and gelatin. In fact, as soon as life ceases, self-digestion of 
the stomach takes place. In post-mortem examinations, it 
is common to find a part of the mucous membrane of the 
stomach softened or dissolved, and this phenomenon is espe- 
cially marked in the bodies of healthy and powerful indivi- 
duals who have met with a sudden death in the midst of 
full digestion. The old doctrine, that the " softening of the 
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stomach " was a pathological process going on during life, is 
now definitely rejected.* The reason why the process oi 
digestion does not proceed further in the dead body is due to 
the process of cooling down which takes place. 

If a dog be killed during digestion and the body be kept 
warm, we find, after two or three hours, not only a self- 
digestion of the stomach, but also of the neighbouring parts, 
liver and spleen. Why does this solution not take place 
in the living animal ? ^his question was taken up by John 
Hunter,t who supposed that " the living principle " hindered 
self-digestion. CI. Bernard t thought to refute this view 
by the following experiment. He placed the leg of a living 
frog into the gastric fistula of a living dog. The leg was 
soon digested, and the frog remained alive. The living 
principle had not, therefore, protected the &og. Pavy § 
introduced the ear of a live rabbit into the gastric fistula of a 
dog. A large part of the ear was digested in a few hours, 
the tip being entirely dissolved. 

Pavy n thought that an explanation of the power of 
resistance possessed by the living gastric mucous membrane 
was to be found in the quantity of blood contained in it. 
He supposed that the constant rapid rush of alkaline blood 

* EliqUsei^B ^ Die Magenerweiohimg der Safiglinge " (Stuttgart and TfibiDgen, 
1846). should be read in this connection. The earlier literature is also critically 
treated here. The most prominent pathological anatomists and medical men 
have adopted Elsasser's view, that the softening of the stomach is a post-mortem 
prooeas. It is only in very rare and exceptional instances that softening and 
perforation of the stomach set in before death. See W. Mayer, ** Gastiomalaoia 
ante mortem,** Dissert inaug. Erlang : Leipzig, 1871. 

t J. Hunter, *'0n the Digestion of the Stomach after Death," Phil. Trana. : 
June 18, 1772 ; and *' Obseryations on Certain Parts of the Animal Economy : *' 
London, 1786. 

X CU. Bernard, ** Lemons de physiologie ezp^rim.," etc., II. p. 406 : Paris, 

1856. 

§ F. W. Pavy, ** On the Gastric Juice," etc, Ouy'i EwpUal BeporU, toI. ii. 

p. 265 : 1856. 

I F. W. Pavy, ** On the Immunity enjoyed by the Stomach from being digested 
by its own Secretion during Life," PhiL Tran$.t vol. cliii. part i. p. 161 : 1863 ; 
and '* On Gastric Erosion," Quy'8 Hoipital BeparU, vol xili. p. 494 : 1868. 



174 LECTDRE IX. 

alid alkaline lymph through the tissues, did not allow the 
pepsin, which can only peptonize in acid solution, to do 
its work. If the circulation were arrested, self-digestion 
began. Pavy showed that^ after tying the blood-vessels of 
the stomach in dogs, a part of the mucous membrane was 
digested ; in rabbits, even perforation of the stomach set in. 
He opened a dog's stomach, and ligatQred a portion of the 
opposite wall so that the piece that was tied hung into the 
stomach, and the piece was digested as if it had been 
swallowed. Pavy concludes from these experiments that the 
alkalies in the blood preventej self-digestion ; and this inter- 
pretation has been commonly accepted. But the conclusion is 
not correct. The alkalies are not the only things carried to 
the epithelial cells by the blood. The blood brings to the 
glandular cells everything which is necessary to fulfil their 
functions. If the supply of blood be cut off, those vital 
functions which resist the action of the pepsin ferment must 
also cease.* Why does not the pancreas digest itself, as 
pancreatic ferment is effective in a neutral and alkaline 
solution ?? 

Here we are face to face with an unsolved problem. But 
it is not a new one ; as the epithelial cells of the gastric 
glands liberate free hydrochloric acid, and still remain alka- 
line, so the epithelial cells of the pancreatic gland secrete 
the ferment, and themselves remain free from ferment. We 
see the same thing going on in every vegetable cell. The 
fluid which surrounds the protoplasm of the cell is acid, the 
cell itself, like all contractile protoplasm, is alkaline. The 
liquid round the protoplasm is frequently brilliantly coloured, 
whUe the cell itself, which produces the colouring matter, is 
colourless. But as soon as life ceases, as soon as the vital 
phenomena, the visible amoeboid movements, stop, the incom- 
prehensible power of selecting substances likewise disappears; 
the laws of diffusion are in no way interfered with, and the 
protoplasm becomes tinged with colouring matter. This in- 
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explicable power of separating and distributing the substances 
according to the object in view is possessed by every cell in 
our bodies (compare p. 164, and Lecture XYII.). 

Pavy relies upon the fact, that self-digestion occurred after 
the introduction of large quantities of acid into the stomach, 
even when the circulation was not disturbed, to prove his 
view that circulating blood prevents self-digestion only by 
its alkalinity. In this case, Pavy considers, the alkalies do 
not suffice to prevent the action of the acids. He injected 
3 ozs. (= 98 grms.) of dilute hydrochloric acid, which con- 
tained S drms. ( = 12 grms.) HCl, into the stomach of a dog, 
and at the same time tied the pylorus and the oesophagus, 
avoiding the vessels. The dog died in an hour and forty 
minutes, and the post-mortem which was immediately made, 
showed solution of the gastric mucous membrane, and per- 
foration of the wall oi the stomach at the cardiac orifice. 
But this experiment does not justify any conclusion. The 
amoant of hydrochloric acid injected was much too large. 
Pavy might have destroyed the wall of the stomach equally 
well with potash. 

It has often been attempted to* refer the origin of the 
round gastric ulcer to self-digestion. But the danger of self- 
digestion is by no means sa great as was formerly believed. 
It has been shown, by numerous researches, that the wall 
of the stomach has a decided tendency to heal- rapidly after 
wounds of the most varied description. This is conclusively 
proved by the favourable results of operations on the stomach 
in animals and human beings. The most plausible hypo- 
thesis on the cause of the gastric ulcer has been advanced by 
Yirchow,* who considers that some kind of disturbance 
in the circulation is at the root of the disease. And, in 
fact, Panumt succeeded in producing hsBmorrhagic infarc- 
tions with the subsequent formation of ulcers in dogs, by 

 Virohow in his Arch., vol. ▼. p. 281 : 185a 
t Panun, Virohow's Areh,^ yol. xxy. : 1862. 
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embolie plugging of the smallest arteries of the gastric 
mucous membrane. These results are quite in harmony 
mth Pavy's above-mentioned experiments. But it has very 
rarely been found that thrombotic or embolic plugging 
precedes the round gastric ulcer in human beings. It has, 
therefore, been assumed that the round gastric ulcer was 
caused by abnormal increase of acid in the gastric juice, 
or in the contents of the stomach. But this supposition is 
utterly unsupported by fact. It is also to be noted that the 
gastric ulcer is generally situated in the pylorus and in the 
small curvature, very seldom in the fundus, where the acidity 
is greatest. The ffitiology of the Ulcvs ventrictdi is still 
involved in obscurity. 

I must not omit to mention that one of the functions of 
the stomach consists in the absorption of nutritive substances. 
The process undoubtedly commences in this section of the 
digestive tract. But we do not yet know to what extent each 
separate kind of aliment is here absorbed. The technical 
difficulties to be enconntered in experiments on this subject 
have hitherto proved almost insuperable, and some of the 
results are contradictory. For information on the present 
state of the question, I recommend the treatises of Tap- 
peiner,* Anrep,t and Meade Smith. I 

• H. Tappeiner, "Uebor Resorption im Magen," ZeiUchr.f. Biolog.y toL xvi. 
pp. 497-607: 1880. 

t B. von Anrep. " Die Anfsaugnng im Magen des Hundes " Du Bois* Arch.^ 
pp. 504-514 : 1881. 

% R. Meade Smith, Do Boia* Arck,^ p. 481 : 1884 (Experiments on frogs). 
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LECTURE X. 

THE PROCESSES OF DIGESTION IN THE INTESTINE — THE PANCREATIC 
JUICE AND ITS FERMENTATIVE ACTION — FERMENTS IN GENERAL 
— ^THE ACTION OF THE PANCREATIC JUICE ON THE CARBOHY- 
DRATES, FATS, AND PROTEIDS — THE NATURE AND IMPORTANCE 
OF PEPTONES. 

The time during which different artioles of diet remain in 
the stomach of human beings varies very greatly. It does 
not depend only on the quaUty of the food ; it also increases 
with the quantity. The mechanical condition, the degree 
to which it has been masticated, likewise affects it, as also 
the intensity of the preceding hunger, and especially the 
state of the stomach at that moment, a state which depends 
on many physical and psychical influences. Numerous 
observations on people with gastric fistulsa* have shown 
that the food remains in a healthy stomach from three to ten 
hours. In disease the time is often much longer, as modem 
experience has discovered by means of the stomach-pump. 
The emptying of the stomach goes on very gradually in 
small portions at a time. Busch f observed this in a woman, 
Ijfrho, in consequence of a wound made by a bull's horns, 
had an artificial anus a little below the duodenum, from 

* W. Be&tnnoDt, ** Experiments and Obseirations on the Gastric Juice, and 
the Phyaiology of Digestion,** reprinted from the Plattabnrgh editioB, by Andrew 
Combe, Edinburgh, 1888 ; O. Ton GrUnewaldt, ** Sucoi gastrioi homani indoles 
physio- et chem.," etc., Dissert. : Dorpati, 1853 ; F. Kretschy, Vewtseh. Arch. /. 
klin. Med.t toI. xviii. p. 527: 1876; Jul. Uffelmann, ilre^ /. Wtn. Med., vol. 
XX. p. 635 : 1877. 

f W. Busch, Arch, /.path, Anat u, PhyBtol^ toL liT. p. 140: 1858. 

N 
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which the contents of the stomach oozed out, as they were 
unable to reach the other opening of the small intestine. 
The first portions of food appeared in the fistulous opening 
as early as from fifteen to thirty minutes after being 
swallowed. 

Three new secretions, all of which yield an alkaline 
reaction, act immediately upon the food when it reaches 
the intestine; they are the pancreatic juice, the intestinal 
juice, and the bile. By their means, the chyme, which is 
the name given to the acid contents of the stomach, is 
gradually neutralized, and usually presents an alkaline 
reaction in the lower part of the intestine. 

The PANCBEAS is the digestive gland 'par excellence. Its 
secretion, so far as we know, has no other action than a 
digestive one; it effects chemical changes in all classes of 
food, and prepares them for absorption. The proteids are 
peptonized, starch is split up into soluble carbohydrates, the 
fats into glycerin and fatty acids. There is scarcely any 
animal which does not possess a secretion with an action 
analogous to that of the pancreatic secretion. The inverte- 
brates have neither a peptic digestion nor have they bile. 
But a process analogous to pancreatic action has been found, 
wherever it has been sought.* It can even be recognized in 
the lowest organisms, the bacteria : a fluid containing 
bacteria acts on the three main classes of foods just like 
the pancreatic juice. The pancreatic ferments have only 
been found absent in a few intestinal parasites.f This is 

* Hoppe-Seyler, "Ueber die Untergohiede im obemiBchen Bau imd der 
Verdauung hoherer iind niederer TMeie," Pflager's Arck.^ vol. xiv. p. 395: 
1877. Compare also the nnmeronB and oomprehensive works on this subject bj 
F. Plateau in the years 1874-1877, and the works of Fr^d^ricq and Krokenberg 
of the same time. An acoonnt of the literature on the digestion of the lower 
animals has been given by Barukenberg, « Vergleichend physiologische Vorfer&ge," 
11. ; •* Grundziigeeiner vergleichenden Physiologie der Verdauung : " Heidelberg, 
1882. 

t L. Fr^^ricq, BmS^Mm ds Vaead, roy. de Bdgique., air. 2, t. xlvi. Na 8 : 
1878. 
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perfectly clear for teleological reasons: the organisms are 
always floating about in food that has been already digested. 

Before proceeding to consider the modes of action of the 
pancreatic secretion in mammals and in human beings, 
together with the chemical changes which it causes in the 
three groups of food-substances by its ferments, we will first 
state clearly what is known concerning the nature and 
' character of ferments, i 

We will first restrict ourselves to facts derived from 
observation. Probably no one has even seen ferments. 
What can be seen and observed is merely the process of 
which the hypothetical ferment is the exciting cause. This 
process consists, in all cases, in the fact that a complex 
compound splits up into a more simple one, while kinetic 
energy in the shape of heat is set free. Therefore, in all 
these processes potential energy is converted into kinetic 
energy. The atoms pass from an unstable into a stable 
arrangement. Stronger affinities are hereby satisfied. To 
adopt the terminology already defined (pp. 89-41), the ulti- 
mate cause is the potential energy stored up in the complex 
molecule, the effect is kinetic energy, and then we have to 
seek the " exciting cause," the " impetus," the " liberating 
force." These are termed ferments in some cases, but not 
in all. What, therefore, have the liberating forces in all 
these various processes in common, and what distinguishes 
them from each other? This can be clearly shown by a 
series of examples. 

Glyceryl trinitrate, so-called nitro-glycerin, splits up into 
carbonic acid, water, nitrogen, and oxygen : 

2 [C3H5 (0N02)3] = 6C0a + 5H2O -f 6N 4- 0. 

A very considerable amount of heat is developed. A highly 
unstable atomic arrangement is converted into a stable one. 
The oxygen, which has a very slight affinity for nitrogen, 
bat a very close affinity for carbon and hydrogen, was, in 
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the original molecule, combined with nitrogen, but in the 
smaller molecules, resulting from the decomposition, is united 
with carbon and hydrogen. The impetus is given by me- 
chanical means, such as a knock or a blow, therefore by 
motion, or by heat, such as a flame, another form of motion. 
Nitrogen trichloride splits up explosively with great develop- 
ment of light and heat into nitrogen and chlorine : 

NCI3 + NCI3 = Na + CI2 + CI2 + CI2. 

Here again the unstable atomic arrangement is converted 
into a stable one. Stronger affinities are ' satisfied. For 
many reasons, we are compelled to adopt the conclusion that 
the elements, in an uncombined state, do not consist of single 
isolated atoms, but are united into molecules. The affinity 
of nitrogen atoms to each other, and of chlorine atoms to 
each other, is obviously stronger than the affinity of chlorine 
atoms to nitrogen atoms. The impetus to the rearrange- 
ment of the atoms is given by some mechanical means or 
by a rise of temperature. Nitrogen teriodide, the formation 
of which is analogous to that of nitrogen trichloride, explodes 
even more rapidly, if acted upon by certain periodic move- 
ments, wave-motions of a definite rate of rapidity and length 
of wave. It may be shown that it does not explode on a 
deep, but that it does so on a high-toned plate or string. 
This phenomenon is evidently analogous to the responsive 
vibrations of certain elastic bodies when struck by waves, 
which proceed from another sounding body. This responsive 
vibration is known to occur only with notes of a definite 
pitch. So that we may also imagine that if the vibrations 
which act upon an unstable molecule have a definite wave- 
length, the atoms of this molecule are thrown into corre- 
sponding vibration, and this suffices to overcome the slight 
attraction of the atoms to one another, and thus to produce 
a conversion into more stable compounds. 

The explosion of the nitrogen trichloride can also be 
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brought about by contact with various substances, such 
as phosphorus, phosphorus compounds free from oxygen, 
selenium, arsenic, some resins (other kinds being inert), 
non-volatile oils, etc. Here too we might imagine that, from 
the various molecular vibrations of these substances (which 
we call heat), we get a certain resultant vibration which 
coincides in wave-length with that of one of the constituents 
of the nitrogen trichloride molecule, and so occasions its 
decomposition. 

Chlorate of potash splits up into chloride of potash and 
oxygen. The dissociation is set up by the application of 
heat. But the rise of temperature need not be nearly so 
high when certain substances are present, such as binoxide 
of manganese, ferric oxide, or oxide of copper. The presence 
of these substances probably so modi&es the heat-waves, that 
the atoms of the chlorate of potash are more easily thrown 
into responsive vibrations, and thus decomposed. 

Peroxide of hydrogen decomposes on contact with platinum, 
gold, silver, binoxide of manganese, etc. In these cases it 
is called an effect of contact, or a catalytic effect. We can 
form the following hypothesis of the process which goes on 
here, as in the cases above cited : the substance which acts 
" catalytically " exercises an attraction on one of the atoms 
in the unstable molecule. It does not unite with the atom, 
but the unstable arrangement of the atoms in the molecule 
is altered to a stable one. 

Grape-sugar splits up into alcohol and carbonic acid : 

CeHiA ^ 2C0a + 2C2HeO. 

When this takes place, a direct rise of temperature can be 
proved. This is in accordance with the fact, that the heat 
of combustion of alcohol is less than that of the grape-sugar 
from which the alcohol arose. Thus a part of the potential 
energy stored up in the sugar is converted, through decom- 
position, into kinetic energy, into heat. The atoms of the 
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sugar haye passed from an nnstable into a stable arrange* 
ment. Stronger affinities have been satisfied. The nature 
of the liberating force is in this case still unlmown. It is 
known, however, that the conversion only takes place if two 
conditions are fulfilled : they are, first, the presence of living 
yeast-cells ; and, secondly, a certain temperature — from 10° 
to 40* C. Judging from analogy of the examples already 
given, we should suppose that here again a form of motion 
starts the decomposition. The motion might proceed from 
the vital functions of the cell. But it is likewise conceivable 
that certain substances occur in the cell, and that these sub- 
stances act in a similar manner to the catalytic bodies in 
the examples adduced above. The yeast-cells are called '' a 
ferment." 

Cane-sugar splits up into equal quantities of dextrose 
and Iffivulose. Here again there is a development of heat,* 
and again the yeast plays a part. But in this case it is not 
requisite that the cell should be living ; an aqueous extract 
from the yeast-cells, killed with ether, is all that is necessary. 
We may assume that the atoms composing any of the mole- 
cules in this extract are in a state of oscillation, or that 
different molecules oscillate against each other, and that 
the resultant of these motions causes the dissociation of the 
molecules of cane-sugar. A theory has been advanced, but 
not yet verified, that the presence of one particular chemical 
individual in the yeast-extract is essential for the initiation of 
decomposition. This ferment has been termed inverti 
An account of the attempts which have been made to isol 
the ferments will be given later. 

Starch flour decomposes on boiling with dilute acid, •* 
molecules of grape-sugar. In this reaction the direct p^- - 
that heat is produced cannot be given. But we must assi 

 A. Kunkel, PflUger*8 Arcih,, vol. xx. p. 609 : 1879. 
t Eduard Donatli, Berichte der deutsehen diem. G«., vol. viii. p. 79j : \ ^ 
vol. xi. p. 10«9: 1878 : M. Barth, ibid., vol. ii. p. 474 : 1878. 
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that this is the case, because the heat of combustion of the 
grape-sugar is less than that of starch. The impetus to 
the change may be a special modification of the increased 
molecular movement, due to the heat, in presence of the 
acid ; or we must suppose that the acid attracts the sugar 
molecules contained in the starch molecule, and possibly 
forms a temporary compound which again rapidly breaks 
up with absorption of water. The conversion of starch into 
sugar is always accompanied by hydration, which is the case 
* in the decomposition of cane-sugar, and probably in all 
fiimiliar decompositions. I shall return to this point again. 

Starch flour also decomposes at a moderate temperature 
into maltose and dextrin, if it comes in contact with certain 
substances, which are contained in germinating barley, or 
in saliva, and in pancreatic juice. But in this case the 
term ferments is used as indicating chemical individuals. 
But these hypothetical substances are perhaps merely the 
conditions necessary to start a definite form of motion, which 
acts as the impetus in the decomposition of the starch-mole- 
cule. A development of heat cannot be proved when starch 
is broken up by ferments. Maly * even observed an absorp- 
tion of heat. This is explicable in the following way : starch 
flour is insoluble, whereas the products of decomposition are 
soluble, in water. Heat must be used up in their solution, 
as is always the case in the transit from the solid to the fluid 
state. The amount of heat thus fixed is greater than that 
liberated by decomposition. That heat is set free when 
decomposition takes place follows of necessity from the fact 
that the heat of combustion of the maltose and dextrin is less 
than that of an equivalent amount of starch flour. 

Hoppe-Seyler t and his pupils { have shown that formate 
of lime, by the action of certain bacteria, is split up into 

* Maly. Pfliiger'8 Areh., toI. zxil. p. Ill : 1880. 
t Hoppe-Seyler, Pflftger's Arch,, yol. ziL p. 1 : 187G. 
I Leo Fopoff, Pfliigei^a Arch., vol. x. p. 113 : 1875. 
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carbonate of lime, carbonic acid^ and hydrogen^ with 
absorption of water : 

0=0 0=0 

^0 ^O^ 

^><5a + 2H0H = >0a + 2Ht = CaOO, + CO, + BLO + 2H,. 

0=0 0=0 

^H \0H 

Heat is developed in this process. If the bacteria be killed 
by ether, the decomposition continues. This ferment, there- 
fore, behaves like invertin. Sainte-Claire Deville and Debray * 
have made the important discovery, that the same decom- 
position of formic acid into carbonic acid and hydrogen can 
be also brought about by finely divided iridium, rhodium^ 
or ruthenium, obtained in a moist condition by reduction. 
Platinum or palladium produced in the same way had no 
action. 

We thus see that a living cell, an organic substance, and 
a metaly all produce the same effect. 

The decomposition of acetic acid into carbonic acid and 
marsh-gas is completely analogous to the decomposition of 
formic acid, and occurs under the same conditions : 

0=0 c=o 

\0 '^-O 

"> Ca + 2H0H == > Ca + 2CH, = CaCO, + CO, + H,0 + 2CH,. 

^O"^ ^/O 

0=0 <i=o 

Heat must again be set free in this process^ for the heat of 
combustion of the marsh-gas is less than that of an equivalent 
amount of acetic acid. 

From all these examples, it may be seen that we know 
nothing further concerning the ferments than we do about 
the ^' catalytic " substances. Their presence is absolutely 
essential to bring about that form of motion which gives the 

* H. Bainte-Olaire Deville et H. Debray, Omvt. rend., t. Izxviii. p. 1782 : 
1874. 
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impetus to the transition from an unstable arrangement of 
atoms into a more stable one. We speak of a catalytic effect, 
when the substance to which this effect is ascribed happens 
to be a well-known inorganic compound or an element. If, 
on the other hand, they are unknown organic substances, we 
speak of a fermentative action. There is at present no reason 
for assuming that there is any essential difference between 
the mode of action of organized ferments — ^living unicellular 
organisms — and non-organized, '* unformed " ferments. We 
may suppose that the process of fermentation is the same 
in both cases ; but we know as little concerning the action 
of the unformed ferments as we do concerning the organized 
ferments. 

The decomposition effected by the organized ferments 
appears to take place in the substance of the living cell, and 
the energy liberated by the decomposition is utilized for 
the vital processes of the cell. In favour of this view can 
be adduced the fact that, in the case of alcoholic fermenta- 
tion, the amount of sugar decomposed in the unit of time 
is inversely proportional to the supply of oxygen. With a 
free supply of oxygen, there are two sources for the production 
of the kinetic energy required for the vital functions ; decom- 
position and oxidation. When oxygen is withdrawn, one 
source is closed, and the other utilized the more.* This 
fact is of far-reaching importance for the comprehension of 
the vital processes in the higher animals.f 

In all fermentations the decomposition is always accom- 
panied by hydration, in consequence of which these processes 

• Brefeld, "Landw. Jahrb. v. Nathusias u. Thiel," heft L : 1874; Verhandl. 
d, Wiinfmrgerphy9,med, QetdUch. JV.F.,vol. viii.p. 96: 1874; Pasteiir, "Etudes 
sor la bi^ro," ohap. vi. p. 229 : Paris, 1876 ; Uoppe-Seyler, ** Ueber die Einwirkung 
des Sauerstoffes auf Gahrangen :" Featsohrift, Strassburg, 1881; Nencki, Arch, 
/. «ep. Paik, u. Pharm,, yoI. xxi. p. 299 : 1886. 

t The fact observed by A. Fiaakel (Virohow's Arch., vol Izvii. p. 283 : 1876), 
that the decomposition of albumea goes on twice as fast ia dogs when their 
Mupply of oxygen is diminished, is perhaps of a simiUr nature. Compare also 
Htsrm. Oppcnheim, Pfluger's Arch,^ vol xzill p. 490 : 1880. 
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can only take place in presence of water. The exceptions to 
this rule are only apparent. Thus in alcoholic fermentation, 
grape-sugar (CeHiaOe) is decomposed into 2CJELbO and 200^, 
apparently, therefore, without taking up any water. But 
we must not forget that carbonic acid in watery solution must, 
like all other dibasic acids, contain two HO radicals : 

/OH 
= =002 + HgO. 
^OH 

Butyric acid fermentation (CeH.jOe = C4HA + 2CO2 + 2H2), 
and lactic acid fermentation (CeHwOe = 2C3H6O3) also appear 
to form exceptions. From analogy with other processes 
of fermentation, we must suppose that these processes are 
also accompanied by hydration. We must refer the reader 
to the papers of Hoppe-Seyler * and Nencki,t for further 
information on this subject. 

Many attempts have been made to isolate the unorganized 
ferments. It is, in fact, possible to obtain precipitates from 
solutions containing ferments which still retain the character- 
istic fermentative properties. But we have no guarantee that 
these precipitates, which are always amorphous, are chemical 
entities. In the cases in which they have been analyzed, the 
composition has been found closely similar to that of proteids 
and peptones. But we cannot ascertain whether the ferment 
may not form a fraction of the material analyzed, so small 
as not to influence the result of the analysis. 

All ferments are soluble in water ; all may be precipitated 
from their aqueous solutions by alcohol, and are again dis- 
solved by water after their precipitation. Most of them are 
also soluble in glycerin, and may be precipitated from this 
solution by alcohol.J All the previous attempts at isolation 
mainly depend on these properties, which are, however, 

 Hoppe-Seyler, Pfliiger^s Areh.j vol. xii. p. 14 : 1876. 

+ Nenoki, Joum,f. prdkt. Chem., vol. xvii. p. 105 : 1879. 

J Von Wittich, Pflttger'e Areh.t vol. ii. p. 193 : 1869 ; aud vol. iii p. 339 : 1870. 
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about 10° Cs At a temperature of 0° C, not the least trace 
of digestion goes on. But Fick and Murisier* found that 
the artificial gastric juice, prepared from the stomach of the 
frog, the pike, and the trout, constantly exerted a peptonizing 
influence even at 0°. Hoppe-Seyler t confirmed these results. 
He found that artificial gastric juice of the pike digested fibrin 
more rapidly at 15° C. than at 40°, most rapidly at about 20°. 
A little above 0° the action was slower than at 15°, but still 
very marked. Fick and Hoppe-Seyler conclude, from these 
observations, that the gastric juice of warm-blooded animals 
contains a different ferment from that of cold-blooded. But 
to me this conclusion does not appcEur at all justified. The 
same ferment may behave differently in presence of other 
substances; and, besides, we need not, as I have already 
insisted, consider the ferments as chemical entities. Possibly 
the interaction of several substances is necessary to bring 
about the particular form of motion which constitutes the 
impetus to the breaking-up of the complicated molecules. 

Like pepsin obtained from different sources, we find that 
the so-called diastatic ferments, which decompose starch, 
develop their maximum effects at temperatures which vary 
according to the source these ferments are derived from. 
The diastatic ferments of the pancreas and saliva act most 
quickly at from 37° to 40° C. ; that of germinating barley at 
from 64° to 68° C.J 

When aqueous solutions containing ferments are heated 
to more than 70° C, the unorganized as well as the organized 
ferments are destroyed. The solutions are found to be in- 
operative, both at this temperature and also when they are 
again cooled down. On the other hand, when in a dry state, 
the ferments may be exposed to a very high temperature with- 

* Murisier, Verhandlungen der phy$, med, OetelUcha/i zu Wurxburg^ vol. !▼. 
p. 120 : 1873. 

t Hoppe-Seyler, Pflfiger's Areh,, toI. xiv. p. 395 : 1877. 

X J. Kjeldahl, '^Meddelser fra Garlsberg Laboratoriet KjobenhaTn: 1879; 
Maly*8 JahreAeridU fUr T1Uerohemie,p. 382 ; 1879. 
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out losing their power. Hii&ier * heated his dried pancreatic 
ferment to 100° G. without causing it to become ineffectual. 
Alex. Schmidt t and Salkowski showed that this was also 
the case with pepsin. Salkowski} heated pepsin to 150° C.> 
and pancreatic ferment and inyertin to 160° C. for many 
hours, and showed that they were still active on cooling 
and when mixed with water. It was thought that this would 
serve as a means of distinguishing the unorganized from the 
organized ferments. But more recent investigations have 
shown that the spores of certain bacteria can stand a tem- 
perature of from 110° to 140° C. without losing life or power 
of development. § 

The power of resisting absolute alcohol has also been 
regarded as characteristic of unformed ferments, and as dis- 
tinguishing them from formed ferments. But the spores of 
certain bacteria possess even this power. Koch || showed, for 
instance, that the bacteria of splenic fever could be kept for 110 
days in absolute alcohol without being killed. On the other 
hand, all the spores appear to die when subjected for a long 
period, say thirty days, to ether, which has been found to 
have no effect on the unorganized ferments. Prussic acid, 
chloroform, benzol, thymol, and oil of turpentine are all 
supposed to act like ether in killing the organized, and 
in having no effect upon the unorganized, ferments. 

After these preliminary remarks on ferments in general, 
we will now return to the pancreatic juice and its fermenta- 
tive actions. I have already mentioned that the pancreatic 
juice acts upon all three of the main groups of food-sub- 

• fififher, Journ,/. prahL Ckem,, vol. v. p. 372 : 1872. 

t Alex. Scfamidt, Centratb.f. d, med. Wu$erueh,, No. 29 : 1876. 

t SalkowBki, YiroboVs Arek,, vol. Ixx. p. 158 : 1877; and vol. Ixxxi. p. 562 : 
1880. Compare also Biippe, MiUheU. d, KaiterL QemndkeiUMaUet^ vol. i. : 
1881. 

% B. Koch, und WolflhUgel, ^"keiL d, Kaiierl 0€8UfidkeU$aimie$, yoI. i. : 
Berlin, 1881 ; Max. Wolfl; Yixohow's 'h,,yol oii. p. 81 : 1885. 

I B. Kooh, <* Ueber Disinfection," t ikeil d. Kaiaerl GesundheU$amtes, 
ToL L : 1881. 
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stances. To explain these three actions^ it has been assamed 
that there are three different ferments, although there is 
no valid ground for such an assumption. Hufner,* in his 
numerous attempts to isolate the pancreatic ferment, always 
obtained preparations which had the threefold fermentative 
action. 

With regard to the action on carbohtdbates, the conver- 
sion of the insoluble starch flour has been more particularly 
studied. The process of starch-digestion is by no means as 
simple as it was formerly imagined. Till quite recently, it 
was considered that starch flour was altered by the digestive 
ferments of the saliva and of the pancreatic juice, and by the 
ferment of the germinating barley, or diastase, in the same 
way as on boiling with dilute sulphuric acid, when, as is well 
known, starch flour is, by a process of hydration, completely 
converted into grape-sugar (dextrose), whilst dextrin only 
occurs as an intermediate stage. 

But more recent research has shown f that the amount 

* HiiEuer, Joum, /. prakt Chem,, toI. y. p. 872 : 1872. For the ezperiments 
to isolate three different ferments, see Danilewsky, Yirchow's Arch., toI. xxt. 
p. 279: 1862; Loesnitzer, **Einige Versnohe ilher die Verdannng der EiweisA- 
korper," Dissert. : Leipzig, 1864 ; Victor Paschutin, Du Bois' Ar6h.j p. 382 : 1873 ; 
Kuhne, Verhandl. d, naturhiU, med, Ver, m Eeidelb. N. F., yol. L : 1876. Heiden- 
bain and his pnpil Podolinski oome to the oonolnsion that the ferment which dis- 
soWes proteid does not originate in *the pancreatic gland, bat is derived &om 
a substance formed in the gland daring secretion (Pflftger's Areh,, vol. x. p. 
557 ; 1875 ; and yol. ziii p. 422 : 1876). Compare also GioT. Weiss, Yirchow's 
Arch., voL Ixviii. p. 413 : 1876. 

t Musculus, Compt. rend,^ t. 1. p. 785 : 1860 ; or Ann, ehim, ei phy%^ s^r. iii. 
t Iz. p. 203: 1860; Ckmp, rend,, t. Ixviii. p. 1267: 1869; t Izx. p. 857: 1870; 
t. IxxviiL 2, p. 1413: 1874; Ann. ekim. et phys., s€r. v. t. ii. p. 385: 1874; 
Pajen, Ann* ehim. H phyi., w6t. iv. t. iv. p. 286 : 1865 ; L. Gontaret, (knnpt, 
rend,, t. Ixz. p. 882: 1870 ; Aag. Bchwarzer, Jonm, /. prakt, Chem, N. F,, vol. i. 
p. 212 : 1870 ; E. Sohulze n. M&rker, Dingler's Polyteehnitehes Joum,^ v(d. ocvi. 
p. 245: 1872; Brflcke, SitzungfberioMe d, Wiener Ahad^ vol. Ixv. part iii. p. 
126; 1872; 0. O'SolUvan^ Joum, of Chem, 8oc, ser. iL vol. x. p. 579: 1872; E. 
Scholze, Ber. d, deuUoh. chem. 6m., vol. vii p. 1048: 1874; Nageli, ""Beitrilge 
zar Kenntniss der Starkegruppe : '* Leipzig, 1874 ; O. Nasse, Pfliiger's Arch,, vol. 
xiv. p. 473 : 1877. Mosoulas and v. Mering, ZeiUehr, /. phyeiaL Chem,, vol. i 
p. 395: 1878; and voL IL p. 403: 1878; Mnsoolos and G. Gniber, ZeUsehr. /. 
ph/ytioL Chem,, vol. ii. p. 177 : 1878. Compare .also the review of works by v. 
Menng, Da Bois* Arch,, pp. 389^95 : 1877. 
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I 

of sugar produced forms but half of the entire weight of the 
starch, and that this sugar is not grape-sugar, but maltose. 
(Ci2H2aOn + H2O). The remainder is dextrin, and this 
dextrin cannot be converted into sugar by further action of 
the ferments. It has also been discovered that there are 
two varieties of dextrin, of which one is coloured red by 
iodine, while the other remains colourless. It has been 
further ascertained that a certain carbohydrate, so-called 
soluble starch, which also gives.a blue colour with iodine, 
occurs as an intermediate product^etween ordinary starch 
and the dextrins. Finally, it has been found that even the 

I original starch flour is not a chemical entity, but that the 

concentric layers of the starch granule are composed of 

1 various carbohydrates in different proportions. 

The final products of the decomposition of starch are, at 
any rate, different in the living organism to those produced 
by artificial digestion outside the body ; the starch appears 
to be completely converted into grape-sugar. Even in long- 
continued artificial pancreatic digestion of starch, grape- 
sugar (dextrose) always occurs together with maltose.* 
Maltose and dextrin cannot be found in the blood and in the 
tissues,! and in the case of diabetic patients, who are unable 
to destroy the carbohydrates, grape-sugar alone appears in 
the urine after starch has been eaten. 

We know as little concerning the changes that cellulose 
undergoes in the intestine as we do concerning the fate of 
dextrin. Outside the body, cellulose is neither altered by the 
pancreatic juice nor by any other digestive secretion. But, 

* MnsculuB and T. Mering, Zeitschr. /. phytiol. Chem.y vol. ii. p. 403 : 1879 ; 
Horeoe T. Brown and John Heron, Liebig's Annal,, pp. 204, 228 : 1880. 

t Intimation of the oocurrenoe of ooUoid carbohydrates in the blood of the 
portal vein may be fonnd in ▼. Mering's paper, Pu Bois' AreK, p. 413 : 1877 ; 
and in another by A. M. Blelle, Dn Bois' Ardk.^ p. 70 : 1879. Bat only very 
BmaU qnantitles are oonoemed, and perhaps even these only ooour occasionally. 
Bleile^s experiments prove that the chief part of the dextrin is converted into 
sugar, as he observed that, after an exclusive diet of dextrin, the amount of sugar 
in the portal blood increases* 
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as a fact, a large portion, as we have already seen (p. 81), 
disappears in the intestine. I imagine that it is a fermenta- 
tive action which enables the epithelial cells of the intestine 
to dissolve the cellulose, and perhaps also to convert the 
dextrin into sugar. This power has frequently been observed 
in unicellular bodies. I may refer to the behaviour of the 
Vampyrella, which has already been described (p. 4), and 
which dissolves the wall of cellulose of the algae-cells. A few 
authors have adopted the view that the cellulose is not made 
use of in our body at all as food, but is split up by parasitic 
bacteria in our intestines, into carbonic acid and marsh gas. 
That such a decomposition of cellulose bj bacteria does take 
place, has been incontestably proved by Hoppe-Seyler's 
experiments,* which render it probable that it also occurs in 
the digestive canal.f But it is doubtful whether all the 
cellulose that disappears in the digestive canal is split up in 
this manner.t 

The pancreatic juice exercises a fermentative action on 
FATS similar to that on carbohydrates ; decomposition takes 
place with hydration. The fats are well known to be com- 
pound ethers, combinations of a trivalent alcohol, glycerin, 
with three molecules of monobasic acids, principally stearic 
acid, palmitic acid, and oleic acid. Beside which, certain fats 
contain small quantities of volatile fatty acids, such as butyric 
acid in the fats of milk. By the action of the pancreatic 
ferment, the fat molecule takes up three molecules of water, 
and splits up into glycerin and into three molecules of fatty 
acid. This action of the pancreatic juice was discovered by 
Bernard. § How large a portion of the fats is thus broken 

* Hoppe-Seyler, Ber, d. deutach. ehem, Oei^ vol. xvi p. 122: 1883; and 
Zeitschr, f. phytial Cffiem., yol. x. p. 404: 1886. 

t H. Tappeiner, ZeUaelir.f. Biolog.y yol. xx. p. 52: 1884; aud vol. xxiv. p. 
105: 1888. 

X Compare H. Weiske, Chem, CsntroZb., vol. xv. p. 385 : 1884; Henneberg and 
Btohmann, Zeitaehr. f. Biolog.y vol. xxi. p. 613 : 1885. 

§ Bernard, Ann, de Chim, et de Phytiqtte, sir, iiL t. xxv. p 474 : 1849. Com- 
pare also Ogata, Da Bois' Ar^,, p. 515 : 1881. According to this inveetigatiQn, 
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up in the intestine cannot be stated, but it is probably a very 
small one. For the decomposition of fats, at least in exx)eri- 
ments on artificial digestion, goes on very slowly, whereas the 
absorption of fats proceeds very rapidly. But it is quite 
sufficient if only a minute part of the fats is decomposed, for 
the whole amount of fat is thereby rendered capable of being 
converted into a fine emulsion, in which form it passes 
through the intestinal wall. 

/^The emulsjl^mg^of fats is brought about in the following 
manner. IHs well known that the neutral fats can only be 
saponified, i.e. split up into glycerin and salts of fatty acids 
to form soaps, by free alkalies. Carbonates of the alkalies 
have no action on neutral fats, but only on free fatty acids ; 
the carbonic acid is driven out of the salts by the stronger 
acid, and a salt is formed by the combination of the fatty 
acid with alkali. Fatty acids and neutral glycerides are inti- 
mately miscible in every proportion. In such a mixtm'e of 
fat and a small quantity of fatty acid, the molecules of the 
fatty acid are thus always to be found among the molecules 
of the neutral glycerides. If a solution of carbonate of soda 
act upon this mixture, a soapy solution is formed every- 
where between the molecules of the neutral fats. By this 
means the whole mass of fat is immediately converted into a 
fine emulsion of microscopically small drops. Perfectly fresh 
neutral fat cannot be emulsionized by a solution of soda. If, 
on the other hand, rancid fat be taken, i.e. fat in which a 
part of the fatty acids has already been set free by the action 
of putrefactive ferments, or if a small amount of free fatty 

irhioh was carried out in Ludwig's laboratory, the decomposition of the fats begins 
already in tlie stomach. Maroet had already come to the same conclusion 
{Medieal Times and Qnzetie, new ser., vol. xtIL p. 210 : 1858). The decomposi- 
tion of fats in the stomach is probably effected, not by an unorganized ferment 
of the gastric juice, but by putrefactive organisms. Tlie cause of the decomposi- 
tion of fats in artificial pancreatic digestion has been so interpreted. But Nencki*s 
latest experiments (Ardi./. exper. Fath, u. Pharm., vol. xx. p. 373 : 1886) show that 
the pancreatic ferment decomposes as much fat if phenol be present as if there 
were no antiseptic 
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acids be added to the netitral fat, the emulsion is at once 
formed. When rancid oil is poured on to a dilute solution 
of soda, the two layers of fluid combine directly they are 
gently shaken, and the whole is converted into an opaque, 
uniform, and milky-looking liquid. Under the microscope, 
the fat is seen distributed in minute drops. 

There are other alkaline salt solutions which can, like the 
carbonates of soda or of potassa, combine with free fatty acids 
to form soaps. Such, for instance, is the phosphate of soda 
with the formula Na2HP04. This salt with fatty acids gives 
soap and acid phosphate of sodium, NaH JP04. As we shall 
soon see, the bile, which contains alkaline salts, acts in a 
similar manner on fatty acids.* 

Carbonate of soda is contained in the pancreatic secretion, 
for the analysis t of the ash shows that the secretion contains 
more sodium than is necessary for the saturation of the 
strong mineral acids present. Two weak acids divide the 
remainder among themselves: proteid and carbonic acid. 
The intestinal juice is likewise very rich in carbonate of soda, 
as we shall soon see. By the action of these alkaline 
secretions, the fat is thus distributed in minute particles, 
which, as previously described (pp. 8-4), are passed on to 
the commencement of the chyle-vessels by the active inter- 
vention of the epithelial cells. 

It now only remains to consider the action of the pan- 
creatic secretion on the third main group of food-stulBFs, 

• The emulsifying action of alkaline salt aolutiona has long been known to 
technical chemists; it is practically employed in dyeing articles Turkey red. 
Maroet was the first to draw attention to its physiological bearing {Medical 
Timet and Oazette, new ser., toI. xviL p. 209 : 1858). Also Brficke, Sitgungsber. 
d. Wiener Akad. Math.-noL Claseej vol. Ui. part ii. p. 362 : 1870. Compare 
also J. Steiner. Du Bois' AreK, p. 286: 1874; Joh. Gad, ibid., p. 181: 1878; 
Georg Quincke, Pfluger's Arch., yol. xix p. 129 : 1879 ; and Max v, Frey, Da 
Bois* Aroh., p. 882 : 1881. 

t Bidder and Schmidt, ** Die Verdauungssafte u. der Stofrweohsel,"* p. %* : 
Mitau and Leipzig, 1852. The sulphuric acid given in the analysis must ju^ be 
taken into consideration, because it did not arise tiU the sulphur in the albumen 
was incineiaUKL 
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the PBOTBios. By the action of the pancreatic ferment, as 
well as of that of the gastric ferment, the albumens lose 
their colloid character ; they become diffusible,* and are no 
longer coagulable; they are converted into peptones. The 
gelatin-yielding substances undergo a similar alteration ; they 
become dissolved, and the solutions lose the power of forming 
a jelly in the cold.t 

The peptonizing action of the pancreatic juice was for a 
long time doubted, until Corvisart j decided the matter in 
the affirmative. Euhne, who was present at Gorvisart's 
experiments, afterwards carried out a series of exhaustive 
experiments on the subject in G-ermany.§ Kiihne obtained 
the secretion from eleven dogs with a temporary pancreatic 
fistula, and he found that " amazing quantities of boiled 
fibrin and proteid were dissolved by the juice without any 
trace of putrefaction, in from half an hour to three hours, at 
a temperature of 40^ C, so that the larger portion was con- 
verted into a substance not coagulable at boiling heat, which 
was readily diffusible through vegetable parchment." 

When a fresh pancreas was cut up into small pieces with 
scissors, and left to stand from three to six hours, mixed with 
a large quantity of fibrin and water, heated to 40° C, the 
gland disappeared with the fibrin, leaving but a trace behind. 
The reaction after complete solution was alkaline. Only a 
small portion of the decomposed proteid could be precipitated 
by acetic acid and by boiling. || The solution, when filtered, 

* The proofs of the power of ready diffasion possessed by peptones haTe been 
disputed. See von Witiicli, Berliner klin. Woohentchr.y No. 37 : 1872. 

t See 7r. Hofmeister, Zeitachr. f. phyeioL Ckem.y toI. ii. p. 299 : 1878. An 
account of the older literature will also be found here. 

X Corvisart, "Bur une fonction pen conuue du pancreas; la digestion des 
aliments azot^ee," Chit. heMom., Nob. 15, 16, 19 : 1857. 

§ W. Ktlhne, Virohow's ^irch,, vol. xxxix. p. 130 : 1867. 

I For an account of the globulin, acid albumen, parapeptone, propeptone, 
c iomoees, etc, which occur in the conversion of proteid into peptone, both in 
pancreatic and gastric digestion, see Heissner, Zeitsehr.f, rat Med., III. Beibe. 
▼oL viL p. 1 : 1859; BrQcke. 8iizung$ber, der Wiener Akad., vol. xxxvii. p. 131 : 
1859 ; Kiihno and Chittenden, Zeit96hr.f. Biciog^ vol. xix. p. 159 : 1883 ; vol. xx. 
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was concentrated, at from 60"* to 70"^ C, to one-sixth of its 
volume, and mixed with 95 per cent, of alcohol. This 
precipitated the peptones in flocculent masses. When the 
filtered solution was concentrated and cooled down, tyrosin 
first separated out in crystals ; then, on further concentration, 
leucin crystallized out, in botryoidal masses — " leucin cones." 
882 parts of dried fibrin and 15'2 of dried pancreas yielded — 

ll'O undissolved remainder ) 

? 58'5 
42*0 coagulated albumen f 

211*2 peptone j 

13-3 tyrosin j 266-1 

31-6 leucin / 
397-2 - 53-5 = 343-7 dissolved proteid. 

From this it appears that 100 parts of fibrin gave 61 of 
peptone, 8*9 of tyrosin, 9*1 of leucin, and 26 of products that 
we are at present unacquainted with. 

It might be supposed that the amido-acids, leucin and 
tyrosin, are not split off from the proteid molecule by the 
action of a pancreatic ferment, but by the fermentative action 
of putrefactive organisms. The pancreas and its juice are 
substances eminently prone to putrefaction, and the alkaline 
reaction is favourable to the development of putrefactive 
organisms. It is this liability to putrefaction which makes 
it so much more difficult to carry out experiments on artificial 
pancreatic digestion than on gastric digestion. We know, 
in fact, that peptones and amido-acids are formed from 
proteids by the action of putrefactive organisms. But Eiihne 
meets this objection by experiments,* which were carried out 

p. 11: 1884; vol. xxii. p. 409: 1886; R. Herth, Manatshefte /. Chem,, voL v. 
p. 266: 1884; Kuhne, Verhandl. d. tiat. med, Verdns tu Heiddb. N.F,, vol. iii. 
p. 286 : 1885 ; Sohmidt-Mulheim. Du Bois' Areh,, p. 36 : 1880 ; Hans Thierfelder, 
Zeitaehr, f. physiol. Chem., vol. x. p. 577: 1886; B. Neumeiflter, Zeitachr. /. 
Bwlog.t vol. xxiii. pp. 381, 402 : 1887; and '*Ueb. d. nachste Einwirk. gespannter 
Wasserdampfe auf Proteine/' etc. : Munchen, 1889. 

* Kuhne, Verhandl, d, naturhistor. med. Vereifu zu Heidelb. N. F,, vol. i. 
heft iii. : 1876. 
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with the- use of the antiseptic, salicylic acid. He showed 
that concentrated salicylic acid, while arresting the develop- 
ment of putrefactive germs, does not inhibit the action of the 
pancreatic ferment, and that amido-acids are still formed 
under these conditions. 

Kiihne is of opinion that amido-acids are also formed in 
the intestine of living animals. He tied the intestine of a 
live dog above the entrance of the pancreatic duct, and again 
four feet lower down, introduced cannulsB at the upper and 
lower extremities of the intestine he had tied, and passed a 
stream of water, heated to 40^ C, through it until it was 
quite clean. Fibrin was then put in the piece of intestine, 
and the wound in the abdomen was closed. The dog was 
killed after four hours, and the piece of intestine cut out. 
Among the contents were found peptone, tyrosin, and leucin. 

It may be d priori doubted, on teleological grounds, 
whether, under normal conditions, the amount of amido-acids 
formed in the intestine is a large one. It would be a waste 
of chemical potential energy, which would serve no purpose 
when converted into kinetic energy by their decomposition, 
and a reunion of the products of such a profound decompo- 
sition outside the intestinal wall is highly improbable. And, 
indeed, Schmidt-Miilheim,* in numerous experiments on the 
contents of the intestines of dogs fed on meat, could only find 
traces of amido-acids or else none at all. 

On boiling proteids with dilute acids and alkalies, peptones 
again appear at first, and amido-acids later on. 

We will now inquire into the nature of the process by 
which albumen is converted into peptone. 

As peptone occurs as an intermediary product in the 
formation of undoubted decomposition-products of amido- 
acids from proteid, it may reasonably be imagined that the 
peptones are the first immediate products of decomposition. 
This view is further confirmed by the analogy of fermentative 

* Sohmidt-Mmheim, Du Boia' Arch,, p. 39 : 1879. 
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action and of the action of acids and alkalies on complex 
organic compounds of known composition. In all these 
processes decomposition is accompanied by hydration. The 
same pancreatic ferment which, accompanied by hydration, 
splits up the fats into glycerin and fatty acids, and starch 
flour into dextrine and sugar, — this same ferment also 
changes the proteids into peptones. What is more natural 
than to conclude that the peptones are also formed from the 
proteids by a process of decomposition accompanied by 
hydration ? 

It is a very seductive theory to assume that the colloid 
and insoluble proteids are polymeric products of the soluble 
peptones, just as the colloid and insoluble carbohydrates, 
such as glycogen, gum, starch, or cellulose, are polymeric 
products of the soluble sugars, and that the peptone mole- 
cules after absorption are again combined into proteid 
molecules, just as the sugar molecules are united to form 
glycogen in animal tissues, or starch and woody fibre in 
vegetable tissues. But it must be remembered that this 
theory is only based upon analogy. At present nothing 
certain is known about the nature of peptones. It is not 
known whether the peptones are decomposition-products of 
proteid, or even whether the decomposition -products them- 
selves are alike or differ from each other, or whether the 
peptones have arisen from proteid either by a rearrangement 
of atoms without alteration of the size of the molecules, or by 
hydration. 

In experiments on the composition of peptones, the error 
has always been made of using impure material. The 
albumen chosen for the production of peptone has generally 
been the fibrin of the blood (compare Lecture XIII.). We 
do not know how jnany different proteids there are in the 
coagulum of fibrin ; but we know for certain that the nuclei 
and remains of the broken-up leucocytes, as well as whole 
leucocytes and the stromata of red blood-corpuscles, are all 
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contained in this coagulnm. This method of subjecting a 
conglomeration of substances and organisms to elementary 
analysis, and of afterwards comparing the result with the 
analysis of a mixture of the products of our experiment, 
can lead to no satisfactory conclusions. But this method of 
research is the most exact that has been employed in the 
work on peptone.* Now that we are in a position to produce 
crystalline proteid compounds, all experiments on the com- 
position of peptones which are made on other material are 
utterly worthless. 

As it has not been found possible to crystallize the pep- 
tones from their solution, or to produce compounds capable 
of crystallization, or even compounds of constant composition, 
Maly t has adopted the method of fractional precipitation, in 
order to decide the question whether the peptone solution, 
obtained from the blood-fibrin by artificial pepsin digestion, 
contains a single peptone or a mixture of different peptones. 
Maly mixed the clear and highly concentrated peptone solu- 
tion with strong alcohol, until a portion of the peptone 
separated out in adhesive floccula (fraction 1) ; the filtrate 
was again precipitated out with alcohol (fraction 2) ; and, 
finally, the remaining alcoholic solution was evaporated to 
dryness (fraction 8). If the peptone solution contained 
several different peptones, we should expect to find that the 
various fractions possessed a varying composition; for we 
cannot assume that the different peptones have the same 
power of dissolving in dilute alcohol. Maly found that the 
figures were so nearly the same in the ultimate analysis of his 
three fractions, that he came to the conclusion that only one 
peptone was founed. Maly's pupil, Herth,^ came to the 
like conclusion, from an experiment carried out on the 

* Oompare B. Haly's oritique in Pflflger'B Aroh., .toI. zx. p. 315 : 1879. 

t B. Maly, PflOger's Ardi^ vol. ix. p. 585 : 1874. 

X Robert Berth (Haly's laboratory in Qraz), Zeiiaehr. /. phyaiol CKem,, yol. 
L p. 277 : 1877. Oompare also A. Henninger, ** De la nature et da idle pbysio- 
logique dea peptones:" Paris; Compt. rend., t Ixxxvi. pp. 1418, 1464: 1878. 
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same principle with solutions of peptone obtained from egg- 
albumen. 

Maly's and Berth's figures have not convinced me of the 
justice of this conclusion. It is particularly to be regretted 
that, in the ultimate analyses, the amounts of sulphur in the 
fractional precipitations were not determined. We should 
most readily have expected to see a difference in the amount 
of sulphur. If we regard the proteids as compounds of the 
peptones, we must assume that there are several peptones, 
some rich and some poor in sulphur, or else some containing 
sulphur, and others without any sulphur, for the reason that 
the amount of sulphur in the different kinds of proteid varies 
so remarkably (compare above, pp. 58-60), But if, on the 
other hand, we do not regard the peptones as decomposition- 
products from the proteids, we must assume as many 
different peptones as there are proteids of varying com- 
position. There are, at any rate, several peptones. A. 
Kriiger * has recently made analyses of proteid and peptones, 
in which he has bestowed especial care upon the estimation 

« 

of sulphur ; but unfortunately, instead of using pure material, 
he employed fibrin and egg-albumen. The latter, like the 
albumen of blood-serum (vide Lecture XIII.), is a mixture of 
at least two different kinds of proteid, a globulin and an 
albumen. 

The quantitative estimates of the amounts of carbon, 
hydrogen, and nitrogen in the purest of the peptone pre- 
parations hitherto made, have always given figures which 
are within the limits between which the composition of 
proteid varies.! 

* Albert Krfiger, Pflug^ei^s Arch., toI. xliii. p. 244 : 1888. This paper contains 
a summary of the earlier literature on the amount of eulphnr in the Tarious kinds 
of proteid and the different ways in which sulphur is combined. 

t The divergence in the results recently obtained by Kdhne and Ohittenden 
awaits further inveBtigation {Zeitaehr, /. Biolog,^ vol. xxll. p. 423 : 1886). It was 
attempted to attain further insight into the nature of peptones by comparatiTe 
experiments on the optical oharaoterietics of the proteids and peptones, on their 
power of intercepting light, and their behanour towards polarised light. Bat 
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Whether all proteid, in order to become absorbed, must 
be previously peptonized, or whether a part is taken up 
unaltered; whether the peptones are again reconverted 
into albumen after absorption, and where this conversion 
takes place; — are questions which will be treated more 
in detail in Lecture XII., after we have become acquainted 
with the parts played by the remaining digestive secretions, 
the intestinal juice and the bile. 

these inyestigations have not led to any nnanimons or conclnsive results (see 
J. B^cfaamp, Compt. reTid.^ vol. xciv, p. 883 : 1882 ; A. Poehl, " Ueber das Vor- 
kommen u. die BilduDg des Peptons ausserhalb des Yerdaimnpfsapparates u. 
iiber die BtickbilduDg des Peptons in Eiweiss," Dorpater Dissert. : St Peters- 
burg, Rottger, 1882; and Ber. d. deuUeh chem, Oes., p. 1152: 1883). The fact 
observed by Danilewski, that the heat of combustion of the peptones is less than 
that of the proteids {Cmtralb. /. d. med, Wissenteh. Nos. 26 and 27 : 1881), can 
also be interpreted in several ways. This fact agrees with the decomposition 
hypothesis just as well as with the theory that hydration is the essence of pep- 
tonization. It has been, moreover, quite lately noted that the peptones could 
be reconverted into proteids by the action of dehydrating agents. But all these 
btatements bear the character of preliminary communications. They are not, 
therefore, suitable for critical discussion in a text-book. See Henninger, Compt. 
rend.^ t. Ixzxvi. p. 1464 : 1878 ; Hofmeister, Zeitschr. f. physioL Chem,, vol. ii. 
p. 206: 1878; and vol. iv. p. 267: 1880; Danilewski, CerUralb. /. d. med, 
^'ianensch.. No. 42, 1880: Schmidt-Mulbeim, Du Bois' Areh., P- 36: 1880; A. 
Poehl, loe. eit, and Ber, d. deutaoh. chem. Qes., p. 1355: 1881; p. 1163: 1883. 
Compare also O. Loew, Pfiiiger's Arch., voL xzxi. p. 405 : 1883 ; and B. Neumeister, 
ZeiUehr.f. Biolog., vol. xxiii. p. 394: 1887. 
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LECTUEE XI. 

INTBSTINAIi JUIOB AND BILB. 

Thiby,* by his bold vivisection, was the first to obtain and 
examine the intestinal juice, the secretion of Lieberkiihn's 
glands, in a pnre state. Tbiry opened the abdomen of dogs, 
after they had fasted for twenty-four hours, by an incision in 
the linea alba. A coil of small intestine was drawn out, and 
a piece from 10 to 15 cms. in length cnt out, without injury to 
the mesentery. The edges of the two ends of the intestine 
were sewn together in the usual way. One end of the 
resected piece of intestine was closed by the intestinal cross- 
stitch, and replaced ; the other end, left open, was sewn into 
the wound in the stomach. Although Thiry did not treat the 
wound antiseptically, he succeeded in preventing peritonitis 
in a few cases, and in getting the wound to heal quickly. In 
from two to five days the animals could again receive food 
into their shortened intestine, and remained in good health 
for months. Quincke f has repeated these experiments several 
times ; one of the dogs experimented upon lived for nine 
months after the operation, and died from an accident. Au 
abundant secretion of intestinal juice was brought about in 
this isolated piece of intestine by mechanical and chemical 
stimulation, especially by acids. The juice was readily 
obtained for examination by putting in small pieces of 

• Thiry, Siiungsber. d. Wiener AJead., Tol. 1. p. 77 : 1864. 
t H. Quincke, Da Bois' Arch,, p. 150: 1868. Compare also Leube, Centralb. 
/. d. med. WtB^entch.^ p. 289 : 1868. 
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sponge, which were removed after a time and squeezed 
out. 

To the obvious objection that a secretion thus obtained 
was not normal intestinal juice, Thiry and Quincke replied 
with the following arguments : 1. The microscopic exami- 
nation of the intestinal wall showed no changes in its histo- 
logical structure, as a whole, or in Lieberkiihn's glands^ even 
several months after the operation. 2. The circulation in 
the mesentery and the innervation did not appear to be dis- 
turbed ; the reflex mechanism was maintainedr S. Intestinal 
parasites continued to live in the isolated piece of intestine : 
a Nematode and a Tania serrata, the latter of which from 
time to time cast off ripe segments. This last argument is 
rendered convincing by the fact that these creatures only 
exist under certain conditions, and that most kinds of 
intestinal worms only live in certain portions of the ali- 
mentary canal of definite animal species. 

The secretion obtained from the isolated piece of intestine 
proved to have no action on all three of the main groups of 
organic aliments ; fats and starch flour remained unaltered. 
Of the proteids, according to Thiry, only the blood-fibrin was 
dissolved, but no other kinds of proteid, such as bits of meat, 
coagulated egg-albumen; gelatin did not lose its power of 
gelatinizing. Quincke could not even confirm the action of 
the secretion upon fibrin ; he found the intestinal juice quite 
inactive on all food. Lehmann* also came to the same 
conclusions, when he examined the secretion from an isolated" 
piece of goat's intestine. Many further experiments on 
artificial digestion have been carried out with extracts from 
the intestinal mucous membrane of various animals. In 

* Karl B, Lehmann, Pflflgefs Areh^t toL zzxiii p. 180 : 1884. Compare also 
J. Wenz, Zeitsehr, /. Biciog., vol. xziL p. 1 : 1886. L. YeUa obtained difTcrent 
resnltB on repenting Thiry's experiments on dogs (Molesohott's Unt. tur Naiur- 
Uhre u, $, w., vol. xiii. p. 40 : 1881) ; he found that the juice aoted on aU tho 
main groups of food. This divergence of opinion does not as yet admit of ex* 
planation. 
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these experiments there was either no action to be observed 
on any article of diet, or a very slight one only on boiled 
starch fiiour, when sugar was formed. But no importance 
should be attached to the last results, as a ferment with a 
slow action upon boiled starch may be extracted from every 
tissue. 

Lastly, Demant* has more recently made experiments 
on the action of the intestinal juice in human beings. 
Demant had the opportunity of collecting pure intestinal 
juice from the lower portion of intestine, in a case of artificial 
anus after herniotomy, which occurred in Leube's hospital- 
practice in Erlangen. 

A part of the intestine bulged out like a sausage from the 
fistulous opening (of which there were two) belonging to the 
" lower portion of the intestine. Usually but little juice oozed 
out of this opening ; the supply was, however, abundant after 
meals, and could be collected in a glass tumbler which was 
held underneath without touching the intestinal mucous mem- 
brane. In this manner, from 15 to 25 c.cms. of the secretion 
were obtained in the course of one day. The secretion thus 
occurred without any direct chemical or mechanical stimula- 
tion of the mucous membrane, merely from the normal reflex 
irritation, which proceeded from the upper portions of the 
alimentary canal. It is, therefore, probable that Demant 
really obtained the normal secretion, and not an inflamma- 
tory transudation of mucous membrane, brought about by 
abnormal irritation. 

The intestinal juice of man, experimented upon by 
Demant, appeared to produce no change in any form of 
proteid, nor in fibrin and fats. It had a very slight action 
on boiled starch, which in numerous experiments never 
occurred till five hours had elapsed, at from 86° to 88° C. 
No trace of sugar could be detected before this time had 
passed. 

* Bemh. Demant, Yirchow's Areh^ vol. Izxv. p. 419 : 1879. 
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If the intestinal juice has no action upon food, of what 
importance is it? Will not its chemical composition enlighten 
us here ? Quincke found that it contained remarkably little 
of any organic constituents ; in fact, only 0*5 per cent., which 
was chiefly albumen. Thiry found somewhat more. Both 
investigators agreed that the amount of inorganic salts was 
0*9 per cent.; among these carbonate of soda is the chief. 
Both Thiry and Quincke remarked that the intestinal juice 
effervesces on the addition of acids, and the same thing has 
been noticed by Demant with.the human secretion. 

The importance of the intestinal juice lies undoubtedly 
in the large amount of carbonate of soda it contains. Its 
function is to neutralize the acids of the intestinal contents, 
and to emulsify tlie fats with the surplus carbonate of soda 
(compare above, p. 198). It has to supersaturate not only the 
hydrochloric acid of the gastric juice, but also the acids, 
sometimes existing in far larger quantities, and which arise 
from the butyric and lactic acid fermentations. The rapidity 
of the passage of the carbonate of soda through the intestinal 
wall must therefore be proportionate to the acidity of the 
intestinal contents. For as soon as the carbonate of soda 
became over-saturated, the absorption of fat would necessarily 
be at a standstill. This is prevented by reflex mechanism. 
Thiry and Quincke observed that, on stimulating the intestinal 
mucous membrane with acids, the secretion of the alkaline 
intestinal juice at once became more copious. 

To this interpretation, that the emulsifying and absorption 
of fats is brought about by the carbonate of soda in the 
intestinal juice, the objection has been raised that the 
absorption of fats begins earlier in the upper part of the 
intestine, where the reaction of the intestinal contents is 
always acid. It is said, further, that during digestion the 
chyle-vessels in the duodenum become opaque and white, 
through being flUed with droplets of fat, and also that the 
contents of the entire small intestine as far as the csecum 
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occasionally give an acid reaction.* To this I would reply, 
that it is not the reaction of the internal part of the food- 
mass which is of importance, but the reaction of its surface 
which comes in contact with the absorbing intestinal wall. 
That this latter always remains alkaline is due to the above- 
mentioned reflex mechanism. 

It appears to me that the carbonate of soda in the intes- 
tinal juice also serves another purpose. The food absorbs 
hydrochloric acid in the stomach; the molecules of hydro- 
chloric acid are distributed among the minutest particles of 
organic food. When the sodium carbonate neutralizes the 
acid, the carbonic acid thus liberated effectually separates 
the minute particles of the organic food from each other. 
The bulk of the food is more thoroughly broken up, and the 
digestive ferments gain more complete and easy access to the 
individual particles, and so effect the rapid solution of the 
food in the intestine. 

In conclusion, I must not omit to mention that another 
explanation has been given by Hoppe-Seyler of the action 
of the intestinal juice, which is opposed to mine. Hoppe- 
Seyler'sf view is that no special intestinal juice probably 
exists as a secretion of Lieberkiihn's glands, or of the in- 
testinal mucous membrane ; at any rate, he sees at present 
no proof of its existence. He thinks that, the quantitative 
composition of the supposed intestinal juice being identical 
with that of the blood-plasma and of lymph, we cannot 
regard the fluid obtained from Thiry's intestinal fistula as 
being anything but a transudation brought about by abnormal 
stimulation. 

In reply, I would merely ask how we are to explain the 
fact that the intestinal contents, which give an acid reaction 
in the upper portion of the small intestine, even after ad- 

* Th. Gash, Du Bois' Ardk,, p. 823: 1880. 

t Hoppo-Seyler, *« PhysiologiBohe Chemie," pp. 270, 275 : BerUn 1881, Com- 
pare Arthur Haaau, ZeUteh, /. Bioiog.^ Tol. xxii p. 195: 1886. 
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mixture with the pancreatic juice and with bile, are nearly 
always markedly alkaline in the lower portion of the intes- 
tine, and this in spite of the incessant lactic and butyric acid 
fermentations.* 

Hoppe-Seyler teaches that the inversions of the intestines, 
designated as Lieberkiilm's glands, serve only to enlarge the 
absorbent intestinal surface, and that the supposed glandular 
epithelium is only a continuation of the absorbent epithelium 
of the vilU. On the other hand, Heidenhain asserts that the 
epithelium of Lieberkiihn's glands differs very much morpho- 
logically from the epithelium of the viUi, and that, as the 
int'estinal contents never penetrate into Lieberkuhn's glands, 
these could not serve for absorption. 

The BILE, the secretion of the liver, is the only secretion 
poured into the digestive canal which remains for our con- 
sideration. The secretion of bile is not the only function of 
the liver. This is soon seen by comparing the size of the 
liver and the small amount of bile produced with the size 
of other glands and the quantity of their secretions. The 
human liver weighs from 1500 to 2000 grms., and produces 
in twenty-four hours about 400 to 600 grms. of bile.f The 

* A dissimilar account is given by Schmidt-Miilheim (Da Bois' AroK, p. 56 : 
1879), who, in the case of six dogs fed on meat boiled to shreds, fonnd that the 
contents of the lowest extremity of the smaU intestine gave a Cunt acid reaction. 

t For the method of establishing a biliary fistula, and of determining the 
amount of bile produced in twenty-four hours, see Schwann, Arch. f. Anat u, 
PhytioLy p. 127: 1844; Blondlot, *'Esdai sur les fonctions du foie," etc.: Paria, 
1846 ; Bidder and Schmidt, '< Die Yerdauungss'afte u. der Stoffwechsel," p. 98 : 
Leipzig and Mitau, 1852. The amount of bile secreted in twenty-four hoars in 
cases of men with biliary fistulas, was estimated by J. Banke, '<Die Blutvertheilung 
und der Thatigkeitswechsel der Organe," pp. 89, 145 : Leipzig, 1871 ; v. Wittich« 
Pfiiiger'$ Arch. vol. vL p. 181 : 1872 ; W. Westphalen, DeaUch, Arch./, Wtn. JfecT., 
vol. xi. p. 588 : 1878 ; Gerald F. Yeo and E. F. Herroun, Joum, of Phytiol,^ vol. y. 
p. 116 ; 1884. The amount of bile in twenty-four hours estimated in the case of 
men with biliary fistuUe is certainly too small, for the ductus choledocbus was 
open, and a part of the bile escaped into the intestine. With animals, where the 
ductus choledocbus had been tied, a far larger amount of bile was obtained 
proportionato to their weight. Bidder and Schmidt Qoc. dL^ pp. 114-209) found 
from 13 to 29 grms. of bile in twenty-four hours to every kilogramme of weight, 
in the case of dugs : with cats, au average of 14 '5 ; sheep, 25*4; rabbits, 136*8. 



\ 



'f . '. 



208 LECTURE XL 

parotid, "which only weighs from 24 to 80 grms., produces in 
the same time from 800 to 1000 grms. of secretion. This 
simple fact shows that the liver probably has other functions 
to perform. We must refer our readers to another lecture 
(Lecture XVIIL) for an account of the numerous and compli- 
cated chemical processes that go on in this the largest of all 
the glands, and of the origin of the bile from the constituents 
of the blood. At present we have only to do with the 
secretion, when effected, and its significance in intestinal 
digestion. 

The digestive secretions which have been under con- 
sideration do not contain any specific constituents, if we 
exclude the ferments which we are tmable to isolate. So 
far as our knowledge goes, they consist only of substances 
which are distributed all over the body. The chief part of 
desiccated bile, on the other hand, is found to consist of 
specific organic compounds, which are either not met with at 
all elsewhere in the animal body or only in traces. We 
will, therefore, proceed to examine these compounds more 
closely. 

The sodium salts of two complex acids form the chief 
constituents of the })i\e : glycocholic acid and taurocholic 
acid. The former of these acids splits up, on boiling with 
acids and alkalies as well as when acted on by ferments with 
hydration, into an acid free from nitrogen, cholalic acid, and 
into a substance containing nitrogen, glycocoU. The tauro- 
chXol^c acid splits up, by the same means, into cholalic acid, 
and into a body containing both nitrogen and sulphur, 
taurin.* 

* The reeearohes of Adolph Streoker in Liebig's AnndL (vol. Ixt. p. 130 : 
1848 ; vol. Ixyii. p. 1 : 1848 ; and voL Ixx. p. 149 : 1849) lorin the groundwork 
of all subaequent inTestigations on the bile-aoids. Among later workis I muiit 
particularly notice a series of experiments carried out by Heinrich Bayer in 
Hoppe-Seyler^s laboratory at Strassburg, " Ueber die B&uren der menBchlioben 
OaUe" {ZeiUchr. /. ph^fsioL Chem., toL iii. p. 293: 1879). A summary of the 
earlier work done in this field is also given here. 
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In spite of nnmerouB investigations^* little is knomi con- 
cerning the constitution of cholalic acid. It appears that 
the cholalic acids from the biliary acids of various animals 
have a difiEerent composition, although possessing similar 
physical and chemical qualities. The formula for the cholalicr 
acid 6f human bile was found by H. Bayer to be CigHs^Oi, 
while that of the cholalic acid in bullock's bile was found 
to be CaiH^Os. 

The constitution of glycocoU (glycin) is accurately known. 
This substance can be synthetically produced from mono- 
chlor-acetic acid and ammonia, and is therefore the same 
as amido-acetic acid — CHa(Nna)GOOH. It cannot be traced 
in a free state in the animal body, but occurs in combination 
with another acid than cholalic acid, as hippuric acid. We 
shall soon meet with it again. It undoubtedly originates in 
the animal body from proteid. It can be artificially prepared 
from gelatin by boiling with dilute acids, and gelatin is a 
derivative of proteid. Being produced from gelatin, amido- 
acetic acid received the name glycocoU (gelatin sugar). 

Taurin shows its origin from albumen by the amount of 
Bulphur it contains. Eolbef succeeded in producing it 
synthetically in the following manner : chlorethyl-sulphonate 
of silver, GaHtClSOaAg, heated at 10(f C. in sealed tubes with 
a concentrated solution of ammonia, yields silver chloride 
and amido-ethyl sulphonic acid, GaH4(NHa)S03H. This is 
identical with the taurin obtained from bile. 

The comparative amounts of taurocholio and glycocholic 

* Of late yean the fuUowing auihora have worked more parttoalarlj oa the 
sabject of the oonstitation of oholalic acid : Tappeiner, Zeiitckr.f. Biclog.^ vol. xii. 
p. 60 : 1876 ; Sitzungtber, d. Wiener Akad,j Yol. Ixxxvii. part ii. : April, 1878 ; 
JBer. d, deitUch, chem. Oes.^ Tol. xii. p. 1627 : 1879. Oompare also Latachinoff, 
Ber. d, dettUeh, ahem. Oes,, vol. xu. p. 1518 : 1879; yol. xiii. pp. 1052, 1911 : 
1880 : vol XV. p. 713 : 1882 ; and vol. xviii. p. 3039 : 1885 ; as weU as Hammar- 
flten, ywa Acta Reg. 8oe, SeienL Uptala, s^r. iii. : 1881 : EatsoherofT, Ber. d. 
deuteeh. chem, Oes.^ vol. xii. 2325 : 1879; Gl^ve, Compt, rend,, t xoL p. 1073: 
1880 ; and Oefverwigt af Kcmgl Veten$kap9. Akad.flhrh,, No. 4, 1882. 

f Kolbe, Ann, d. Chem* u. Pharm,, voL cxxiL p. 33 : 1862. 
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acids vary in the bile of different animals. Gljcocholic acid 
predominates in bullock's bile, whereas the bile of carnivora 
appears to contain taurocholic acid only ; at any rate, this is 
true of dog's bile.* Both acids are found in human bile in 
very varying proportions, although glycoehcflio acid always 
predominates.f Jacobsen even found the human bile in one 
case quite free from sulphur, and in three other cases the 
sulphur was only contained as a sulphate.| ^« 

To the specific constituents of bile belong also the bi. 
colouring matters, of which two occur in the bile of moL 
vertebrates; one red-brown, bilirubin, and the other green 
biliverdin. The first is readily converted into the second b^ 
oxidation. According to the preponderance of one or th( 
other, and according to the amount of each, the bile is of 
a yellow, brown, or green colour. Both colouring matters 
have been obtained in a crystalline form. Bilirubin haa 
the composition CaaH3BN40e; biliverdin, C32H35N408.§ They 
are closely related to hsematin and hsdmoglobin, and we 
shall have, later on, to consider their mode of origin from 
the latter in greater detail. Both colouring matters behave 
like acids ; they form soluble compounds with metals of the 
potassium group, insoluble ones with those of the calcium 
group. Certain gall-stones owe their origin to the formation 
of these insoluble compounds in the biliary ducts, under con- 



* Streoker, Ann, d, Chem, «. Pharm,t toI. Ixx. p. 178 : 1849 ; Hoppe-Seyler, 
Joum. /. prakt Chem,, toI. Ixzxiz. p. 283 : 1868. 

t O. Jaoobsen, Ber, d, deut9ch. chem, Qes,y toL yi. p. 1026 : 1873 ; Trifa- 
iiowskj, Pfliiger'B Arch,, toL iz. p. 492 ; Soooloff, ibid., vol. xii. p. 54 : 1876 ; 
HammarBten, ZJpsoZa Jjakat^/GrwUngs fdrhandUngart yol. xiiL p. 574: 1878; 
Hoppe-Seyler, *' Physiologiflohe Chemie," p. 301 : Berlin, 1881. Gerald F. Yeo 
and E. F. Horzouii., Joum. of PhyeioL, vol. ▼. p. 116 : 1884. 

X O. Jaoobeen, Ico. oit,^ p. 1028. 

§ Stadeler, VierteljaknohHft der ZaHeher ncOurf, Ges., vol. viii. p. 1 : 1863 ; 
Ann, d. Chem., yol. cxzxii. p. 323 : 1864 ; Thudichum, Joum. /. prakL Chem,^ 
vol. oiv. p. 193 : 1868 ; Malj, Joum. f, prakL Ohem., vol. ciy. p. 28 : 1868 ; or 
SiUsungaber. d. Wiener Akad, d. Wiuemch,, yol. lyil. part ii.: 1868; yol. Ixx. 
part 3 : July, 1874; yol. Ixxil. part 3 : October, 1875; Ann. d, Chem, u, PAarm., 
vol. clxxxi p. 106 : 1876. 
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ditdons which have not yet been sufficiently investigated. 
The amount of colouring matter in normal bile is always very 
smaU. Stadelmann* found, for instance, an average of 
0*16 grm. of bilirubin in a dog's bile in twenty-four hours. 
These colouring i^atters do not appear to be of any importance 
in intestinal processes. 

Besides these specific constituents, the bile always con- 
'ains soaps, lecithin and cholesterin (see Lecture YI.). The 
quantity of the latter is considerable ; it may amount to 2^ 
per cent. It is absolutely insoluble in pure water, and is 
cept dissolved in the bile by the presence of soaps and bile 
^alts. Under pathological conditions, of which nothing 
definite is known, cholesterin separates out in the biliary 
ducts and forms concretions, which are partly pure and 
partly mixed with bilirubin and carbonate of lime. 

Lastly, mucin belongs to the constant biliary constituents. 
This is not, however, a product of the liver-cells, but of the 
epithelial cells which line the mucous membrane of the larger 
biliary ducts, and especially of the gall-bladder. The latest 
and most complete experiments on the chemical qualities of 
mucin have been carried out by Landwehr.t He arrives 
at the conclusion that mucin is a compound of albumen 
with a colloid carbohydrate, which latter he designates 
'' animal gum." 

I subjoin the following analyses as instances of the highly 
variable quantitative composition of human bile : — 

* Ernst Stadelmann, Arch, f, exper. Path, u. PJiarm,, yol. zt. p. 349: 
1882. 

t H. A« Landwehr, ZeiUchr, f. physid, Chem,, yoL viii. pp. 114, 122 : 
1883 ; and vol. ix. p. 361 : 1885 ; also CentraJb, /. d. med. WiateMoh., p. dU» : 
1885. 
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Obtained from the Gall-Bladdeb. 



Frov a 

Fistula. 
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0-05 

0-56 
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These analyses show that the bile obtained from the gall- 
bladder is much more concentrated than that obtained from 
the fistula. It is, therefore, evident that an absorption of 
water occurs in the gall-bladder. The analyses of dog's bile 
by P* _Ji5-8eyler,ir in which he compared the bile found in the 

Ji " . jrichs, Hannover. Ann., Jahrg. v. Heft i. : 1845. 

^ Von Gk)rup-Be8anez, Prager VierteljahrBehr,^ ▼ol. iii. p. 86 : 1851. 

X Trifanowsky, Pfluger's Arch., vol. ix. p. 492 : 1874. 

§ Hoppe-Seyler, «* Physiologische Chemie," p. 301 : Berlin, 1881. 

11 O. Jaoobsen, Ber. d. deui$ch. okem. Ges., voL yi. p. 1026 : 1873. The bile 
was taken, at intervals of a few days, from a biliary fistula open for several 
Wi^ktf, the patieat being a powerful man. 

1. Hoppe-Seyler, ♦* Physiologidche Ciemie," p. 302: Berlin, Hirsohwald, 1881. 
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bladder, and collected while the animal was fasting, with that 
from a temporary fistula on the same animal, are in accor- 
dance with this observation. 



Om HUHDBXD PARTS OF BILB OORTAm— 



Mucin 

Taorooholate of an alkali 

Gholesterin 

Lecithin .. .. .. 

Fats 

Soaps 

Other oi^^nio substances, not soluble in alcohol 
Inorganic substances not dissolved in alcohol 
lu the above : E^SiX 

NagSO^ . . . . . . . . 

^av^i •• •• •« •• 

JH&^^yJ^ •• •• •• •• 

Ca.2(P0X 

FePO^ 

CaCO, 

MgO 
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0-454 
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0-449 
2-692 
2-841 
3155 
0-973 
0-199 
0004 
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0015 
0005 
0-080 
0017 
0019 
0009 



0-245 
12-602 
0-183 
0-930 
0083 
0104 
0-274 




0-053 
3-460 
0-074 
0-118 
0-335 
0127 
0-442 
0-408 
0*022 
0046 
0-185 
0-066 
0039 
0021 
0-030 
0-009 



I 



0170 
3-402 
0-049 
0121 
0-239 
0-110 
0-543 



Having ascertained the composition of the bile, we mast 
now consider its uses. There has been much dispute on 
this point. Some have even denied that it is of any 
essential use whatever, and have regarded it simply as an 
excretion like the urine. The fact that the bile is poured 
into the commencement of the intestine, into the duodenum, 
is opposed to this view. If the bile were an excretion, we 
should expect the ductus choledochus to open into the lower 
end of the rectum, just as the ureter opens into the cloaca 
in the lower vertebrates. It is impossible not to beUeve that 
bile, in its long passage through the intestines, must ' ") some 
serious duties to perform. 

The constituents of the bile are, to a very large ^ '^nt, 
reabsorbed by the intestine — a fact which is strongly opposed 
to its being an excretion. The bile acids, which constitute 
the most important components, are split up, by the ferments 

* The largest part of the NaOl was dissolyed by alcohol, and not estimated. 
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contained in the intestine, into cholalic acid and taurin or 
glycoooU; the latter, a very easily soluble substance, dis- 
appears entirely.* Of the cholalic acid only a very small 
part is separated by the faeces. Concerning the ultimate fate 
of the taurin nothing is known with certainty.f 

If the bile were an excretion like urine, we should expect 
to find the quantity of nitrogen and sulphur in the bile 
varying proportionately with the amount of proteid decom- 
posed in the body. As a matter of fact, this is not the case. 
We know from the researches of Eunkel t and Spiro, § con- 
ducted on dogs with biliary fistulsB, that only a small part of 
the sulphur and nitrogen resulting from proteid metabolism 
appears in the bile, and that it is but very slightly increased 
by a larger supply of food. When the amount of albumen 
allowed the dog was multiplied eightfold, the nitrogen and 
sulphur of the bile were only doubled. 

All these facts speak in favour of the view that the bile 
must be regarded as a secretion, like the other secretions 
which are poured into the alimentary canal and exert a 
manifestly important influence on the articles of food. But 
the following fact shows that the bile occupies a peculiar 
position. The sec retion of the bile begins in the third 
month of embryonic life ; the activity of all the other glands 
which empty their secretions into the alimentary canal does 
not commence till after birth, when food is first taken, i 



* On the further fate of the glycocoll, see Lecture XVL 

t The most extended researches on taurin have been made by Salkowski, 
Ser. cl, deuUch. ehem. Ges., vol. ▼. heft xiii. : 1872 ; vol. vi. p. 744, etc. : 1873 ; 
Yiichow's Arch., vol. Ivtii. p. 460 : 1873. 

X Kunkel, •* Unt. uber den Stoffwechsel in der Leber : " Wlirzburg, 1875 ; Ber. 
d 8aeh» Ge$. d. WiBtenteh. : November, 1875 ; Pfliiger's Archly voL xiv. p. 844 : 
1876. 

§ Splro, Du Bois' Arch., Suppl., p. 50 : 1880 (from Ludwig's laboratory in 
Leipzig). 

jl Zweifel, "Unt iiber den Verdauungsapparat des Neugeborenen :" Berlin, 
1874. An account of the oomprehensiT^ literature on the action of the 
digestive glands in embryonic life is to be found in W. Preyer's **8pecitllo 
Physiol, des Embryo/' p. 306: Leipzig, 1885. 
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It bas been attempted to decide the qtiefition as to the 
function of the bile in intestinal processes, by watching the 
digestive disturbances which occur when the bile is with- 
drawn.* It appears that dogs with a biliary fistula digest 
albumen and carbohydrates as completely as dogs in normal 
health. They can be adequately fed on lean meat and bread. 
Fat is the only food-stu£f that they cannot entirely digest, and 
a considerable part of it — more than half if much be eaten 
' — ^reappears in the excreta, which for this reason are of a 
light grey or white colour. This is not owing to the want of 
the bile colouring matters, as was originally thought. The 
black colour of the normal fseces after meat diet is not caused 
by the bile colouring matters, but by hadmatin and sulphide 
of iron. If the light grey excretion of an animal with ^a 
biliary fistula or of a jaundiced person be extracted with ether, 
which dissolves the fat, the dark colour is again evident. In 
consequence of the imperfect absorption of the fat, the other 
food-substances cannot be completely digested. The fat 
encloses the proteids, which become decomposed by the 
putrefactive organisms of the intestine. This explains the 
putrefactive smell of the fseces and the intestinal gases in 
dogs with a biliary fistula. The breath of the animals 
becomes fetid. These symptoms are all absent when a diet 
withotit fat is given. 

Many of the dogs with a biliary fistula that have been 
under observation became very thin, and a few died with 
every symptom of starvation. This is readily comprehen- 

* Schwann, Arek.f. Anat u. Phytioly p. 127 : 1844; Blondlot, " Essai sur les 
fonotions da foie et de see annexes: '* Paris, 1816; Bidder and Schmidt, loe, eit ; 
KoUicker and M&Uer, VerK. d. phy$. med. Oe§, tu Wuraburg^ vol. y. p. 232 : 1854 ; 
voi vi 1855 : Arnold, «* Zur Physiol, der Galle,** Denkschrift ftir Tiedemann : 
Mannheim, 1854 ; and " Diephjsiol. AnsUlt der Universitat Heidelberg : " 1858 ; 
G. Voit, Beitr. zur Biolog. Festgabe Th. Bisohoff znm Doctorjnbil'ilnm, Stutt- 
gart, p. 104; F. Bohmann, Pfl&ger^s Areh,j yoL xxiz. p. 509: 1882. The obser- 
vations on icteric patients are in complete harmony with thoee on dogs with biliary 
fistnlft. In this connection, see Fr. Mtiller, Sittungsber. der phyitkai, med. Om. zu 
WUrzhwg, No. 7 : 1885. 
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sible if we consider how high the heat-equivalent of fats 
is, and how difficult it is to replace this potent source of 
energy by other articles of food. It is necessary for this 
purpose to consume very large quantities of proteid and carbo- 
hydrates, and the digestion of these substances is disturbed 
by the presence of the unabsorbed fat. Therefore only those 
dogs kept their weight which were fed on food as far as 
possible free from fat, and that in very large quantities. 

It is, therefore, an undoubted fact that bUe aids in the 
absorption of fat. This power is explained by the emulsifying 
action on fats already mentioned (pp. 198-194), which the 
bile possesses in common with the pancreatic and intestinal 
juices. In agreement with this is the fact that the withdrawal 
of the bile only diminishes the absorption of fat, and does not 
completely stop it. Possibly it is. not only the emulsifying 
action of the bile which assists in the absorption of fat. 
Wistinghausen * showed that when oil is separated from a 
watery fluid containing bile in solution, by an animal mem- 
brane soaked in bile, it filters through without ary pressure, 
whereas it can only be made to pass through a membrane 
soaked in water by the employment of high pressure. But 
the intestinal wall does not behave like a dead membrane. 
Thanhoffer,t who first observed in the frog's intestine the 
active functions of the epithelial cells in the absorption of fats 
(compare above, pp. 8 and 4), also mentions that the move- 
ment of the protoplasmic processes becomes more active 
when the epithelial cells are moistened with bile. 

No action of bile on albumen could be demonstrated in 
experiments on artificial digestion. A slight diastatic effect 
was indeed noticed, but, for the reasons above stated 
(pp. 208-204), no weight can be attached to this observation. 

* Wistinghansen, ** Ezperimenta qnasdam endosmotioa de bills in abaorp- 
tione adipnm neutraiiom partibns,*' DiBsert. : Dorpat, 1851. A traoalatioii of 
thia dissertation was published by J. Steiner in Da Bols' ilroft., p. 1S7 : 1873. 

t Ludwig von TbanhoflFer, Pfliiger*s Arch., vol viii. p. 406 : 1874. 
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An antiseptic property has also been ascribed to bile, on 
account of the putrefactive phenomena, mentioned above, 
which appeared in the intestine of animals provided with a 
biliary fistula. But, as was then shown, these signs of putre- 
faction are capable of another explanation : they depend only 
indirectly upon the absence of the bile. For as the bile 
cannot even protect itself from putrefaction, it is evident 
that it can have but little antiseptic power. Any one who 
has experimented with bile knows that it emits a strong 
putrefactive odour after a few days, even when kept at the 
temperature of a dwelling-room. The doctrine of the anti- 
septic properties of bile has recently again found sup- 
porters in Maly and Emich.* They affirm that the biliary 
acids, and especially taurocholic acid, prevent the develop- 
ment of putrefactive organisms, and that taurocholic acid in 
many cases is nearly as powerful as salicylic acid and phenol. 
This view has been confirmed by Lindberger.f But still it 
is only the free biliary acids that hinder putrefaction, and 
not the salts. This explains why bile itself, which is alka- 
line or neutral, rapidly decomposes outside the body, whereas 
the biliary acids can only develop their antiseptic properties 
in the upper portion of the small intestine, where an acid 
reaction prevails. 

* Maly and Fr. Emioh, ManaUhefUf. Chem., vol. iv. p. 89 : 18S3. 

t V. Lindberger, BvUtiin delaioo, imp. de$ naturaliMes de Moecou ; 1884. 
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LECTURE XII. 

THE PATHS OF ABSOBPTION, AND THE IMMBDUTB DESTINATION 

OF THE ABSORBED FOOD- STUFFS. 

We have hitherto been considering the fate of the food- 
substances in the intestine, and the preparation they undergo 
previous to absorption. Our attention must now be given 
to the paths which the food-stuffs follow in undergoing 
absorption. 

The investigations of Ludwig and of his pupils Rohrig,* 
Zawilski,t von Mering,J and Schinidt-Mulheim,§ have thrown 
an unexpected light on this subject. Till quite recently, it 
was commonly assumed that the main stream of nutriment 
passed from the intestine through the thoracic duct. But 
Ludwig's experiments have shown that it is only the fats 
which take this path. The whole stream of watery solutions, 
carbohydrates, proteids, salts, etc., proceeds from the intestine 
to the heart, through the portal system and the liver. The 
watery solutions penetrate the walls of the capillaries which 
form a network on the internal surface of the intestine, and 
enter the blood direct. The droplets of fat alone are brought 
to the commencement of the lacteals by the active movements 
of the epithelial cells. || 

* A. Bohrigi Ber, d. sSehs, Oes. d. Wistensch, McUh. phys, QoMe, vol. zxvi. : 
1874. 

t ZftwiUki, Arheiten aui der physioL Anstalt zu Letpzigt p. 147 : 1876. 

X von Mering, Du Boifl' Arch., p. 879 : 1877. 

§ A. Sohmidt-Miilheim, ibid., p. 549. 

il For the primary course of the fat-drops in absorption, oomp >re above, pp. 3 
and 4. 
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If, in a living dog, the spot where the thoracic duct opens 
into the jugular vein * be laid bare, a canula may be intro- 
duced into the duct, and the amount of chyle that flows 
out in a given time estimated. The astonishing fact was 
discovered that the amount was no greater during digestion 
than in a fasting animal.f The sole difference was that the 
fluid was transparent in the case of fasting animals, whereas, 
after food, it was white and opaque from the presence of 
minute particles of fat. 

On the other hand, the amount of sugab in the chyle was 
not found to be greater during the digestion of starch and 
sugar than in the fasting animal — 0*1 to 0*2 per cent.]: The 
amount of sugar in the chyle was always the same as in 
the lymph from the cervical lymphatic trunks, and in the 
serum § of the arterial blood. The sugar of the chyle had, 
therefore, passed through the walls of the intestinal capil- 
laries into the chyle-vessels along with the blood-plasma. 
From inside the intestine no sugar could get through into 
the chyle. 

Three hundred and fifty cubic centimetres of chyle, con- 
taining only 0*45 grm. of sugar, flowed during the space of 
four and a half hours from the thoracic duct of a dog, after 
it had eaten 100 grms. of grape-sugar and 100 grms. of 
starch, n 

We must, therefore, conclude that the sugar reaches the 
capillaries and the portal system direct from the intestine. 
Mering's observations, dealing especially with this point, lead 
to the same conclusion. In a fasting animal, the amount 
of sugar is as great in the blood-serum of the portal vein as 

* For the mode of operation and the precantions adopted during the sub- 
sequent post-mortem, see A. Rohrig, Zoe. ei^., pp. 12, 18; and Schmidt-MUlheim, 
loc eit, pp. 559-561. 

t Zawllski, loc. eit, pp. 161, 162. . 

t Ton Mering, loo, oit, pp. 882-384, 398. 

§ The blood-oorpuscles contain no sut^ar, or only a trace of it (see you 
Mering, loc, dt, p. 382 ; and A. M. Bleile, Du Bois' Arch., p. 62 : 1879). 

II YOU Mering, loo, eit^ p. 398. 
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it is in the serum of the hepatic veins and of the arterial 
blood. After a diet of carbohydrates, the quantity of sugar 
increases in the blood-serum of the portal> but not in that 
of the hepatic veins,* 

It appears to me that these facts may be most readily 
interpreted as follows. The liver has the duty of regulating 
the amount of sugar in the blood. Sugar is important as 
a source of energy, as material for the work performed by 
muscle and other organs. It is essential that this material 
should circulate through the capillaries of the organs in the 
necessary proportion. In fact, the amount of sugar in the 
blood has always been found tolerably constant, and this in 
many investigations, and under the most varied conditions, 
both in a state of starvation and in repletion. The amount 
varies in the total blood between 0*06 and 0*15 per cent., and 
is seldom more than 0*2 per cent. As soon as there is more 
than 0*8 per cent., caused by injection of solutions of sugar 
into the blood, or under pathological conditions, some of it 
passes into the urine. A surplus of sugar in the blood is 
normally prevented by the liver. As soon as the amount 
of sugar in the portal blood is increased by the digestion of 
carbohydrates, and threatens to increase that of the total 
blood, the liver retains some of the sugar, and stores it up 
in its cells in the form of a colloid carbohydrate, glycogen, 
which must be regarded as a polymerisation-product of sugar 
(compare Lecture XYIII.). But as soon as some of the sugar 
has been used up in the organs, and the amount in the blood 
is about to sink below the normal, the liver gives up a part 
of its store. The liver contains a ferment which can at any 
time reconvert the glycogen into sugar by a process of 



* Von Mering, loc eii,, pp. 410-415. A deaoription of the perfected method 
of ohtainlDg hlood from the portal and hepatic yeins is given at pp. 407-410. A 
iummary of the earlier literature on the amonnt of sugar in the hlood of the 
portal and hepatic veins, and an account of the long ooutcst on this sabject^ 
wUl be found at pp. 402-406. 
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decomposition accompanied by hydration. This sugar 
reaches the heart by the blood in the hepatic veins.* 

If we pursue this teleological consideration, the question 
arises as to the reason why the amount of fat in the blood is 
not regulated in the same way? The stream of fat being 
poured freely into the innomminate vein goes almost directly 
to the heart. May not this be fraught with danger ? The 
blood is, in fact, frequently overflooded by the stream of fat. 
If blood, which has been taken from a dog a few hours after 
a meal containing an abundance of fat, be defibrinated, the 
serum separated out after the blood-corpuscles have sunk, 
appears as white as milk, occasionally with a regular cream- 
like layer on the top. This abundance of fat in the blood 
is quite harmless, because the fat-droplets are so small that 
they circulate without hindrance through the capillaries. 
The fat gradually disappears from the blood, for the obvious 
reason that it travels through the walls of the capillaries, and 
becomes stored up in the cells of the connective tissue (com- 
pare Lecture XX.). It is impossible for the fat to be decom- 
posed within the vessels, since, as we know, processes of 
oxidation never take place in the blood (see Lecture XIY.). 

The fat which reaches the blood under abnormal con- 
ditions behaves very differently. In comminuted fractures of 
the bones causing a destruction of the marrow, which contains 
a great deal of fat, or when the soft parts containing much 
fat are damaged in any way, fat -droplets are often drawn into 
the lymph-vessels and carried with the lymph into the blood. 
If the amount of fat is considerable, the larger particles of 
fat block the pulmonary capillaries over wide areas, csdema 

* The ftmount of sagar in the blood of the hepatic veins must accordingly be 
sometimes smaUer and sometimes greater than that in the portal blood, which 
explains the apparent discrepancy among the investigators. It must also be 
remembered that in consequence of the abnormal irritation of the liver, caused 
by obtaining the blood from the hupatic vein, a decrease of glycogen and an 
increase of sugar in the blood of the hepatic vein is very liable to occur (compare 
A. M. Bleile, Du Bois' Arch,, pp. 71, 75 : 1878). 
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of the lungs is set up, and it occasionally happens that the 
patient dies with all the signs of increasing dyspnoea. The 
fat may in these cases seek a way out through the kidneys, 
and the occurrence of droplets of fat in the urine after 
fractures of bone is not at all uncommon. 

The question might now be raised as to why this fat, 
which reaches the blood from the tissues, is not emulsified 
into minute droplets, seeing that the blood contains carbonate 
of sodium and oi^er basic alkaline salts. The answer is to be 
found in the fact, already mentioned (p. 193), that carbonate 
of sodium can only emulsify fat which has a little free fatty 
acid mixed with it, and not neutral glycerides such as fresh 
fats are. But no fat can be fresher than when it comes 
straight from the liying tissues into the current of blood. 

It has not yet been decided whether all fat passes from 
the intestine into the lacteals, or whether a part enters the 
blood directly through the walls of the capillaries of the 
intestinal villi. Even if a portion does take the latter path, 
it appears to be inconsiderable. Zawilsky found very little 
fat in the blood of a dog, which had been fed on a highly 
fatty diet, and whose chyle was drawn off. If fat passed into 
the capillaries of the intestinal villi to any extent, we should 
expect to find that an abundant diet of fat would be followed 
by a perceptibly larger increase in the portal than in the 
arterial blood. Comparative estimates, made in Heidenhain's 
laboratory, showed that there was the same amount of fat in 
both kinds of blood.* An average of five analyses of blood 
from the same number of dogs gave — 



Oaiotid.. 
Portal vein 



Dryntidae. 



22*d4 per cent. 
22*84 



f> 



Amount of fit in 
toUl blood. 



0*86 per cent. 
0-85 



7f 



Amount of f«t in diy 
residue. 



8*65 per cent. 
3-35 „ 



The only question that remains for us to consider refers 

* Heidenhain, Ffliiger'ii ^ro^., yol. jM Sappl. heft, p. 95 : 1888. 
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to the path the pbotbids take in order to become absorbed. 
There are special difficulties to contend against in experi- 
ments on this subject, because proteids already form the 
chief constituents of blood and lymph. If we ^consider how 
large is the amount of blood which passes through the intes- 
tinal capillaries, we cannot expect to be able to trace an 
increase of albumen in the blood in consequence of intestinal 
absorption. Ludwig and Schmidt - Mulheim, therefore, 
adopted another method. They tied the thoracic duct, and 
found that this did not in any way preyent the absorption 
of the proteid, and that, therefore, the proteid takes the other 
path, through the portal vein. I will here quote one of these 
experiments.* 

Weight of dog, 14*73 kgrms. The dog, which had pre- 
viously fasted for four days, passed all his urine before the 
operation. The jugular and subclavian veins and lymphatic 
ducts on both sides were now tied. An hour after the 
operation, and again on the following afternoon, the dog ate 
on each occasion 400 grms. of meat ; and the whole time was 
in excellent condition. Forty-eight hours after the operation, 
the animal was killed by opening the carotid. On post- 
mortem examination, the chyle was found completely shut off 
from the blood-vessels. The alimentary canal contained 
7*37 grms. N. It thus appears that 683*24 grms. of meat 
were absorbed after complete interruption of the chyle-current. 
The urine secreted after the operation contained 21*96 N, an 
amount corresponding to the food absorbed. 

Four other experiments carried out in the same manner 
gave the same result. We thus see that albumen, like all 
food-substances dissolved in water, enters the blood directly 
through the walls of the intestinal capillaries. 

The question now arises, whether all albumen, in order 
to be able to follow this path, must be peptonized beforehand, 
or whether a portion of the albumen is absorbed as such. 

* Sohmidt-Maiheim, loe. eit, p. 505, Exp. 5. 
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There is no a priori ground for snpposing that proteid is 
not absorbed unchanged. If fat-droplets, visible under the 
microscope, and eyen entire leucocytes, can leave the blood- 
capillaries and travel through the 'tissues, why may not a 
proteid molecule find its way through the capillary wall? 
Yoit and Bauer have endeavoured to prove this experi- 
mentally.* A coil of small intestine of a live dog or cat was 
cleansed of all contents, and a piece of a certain length was 
tied at both ends with a double ligature ; a solution of proteid 
was then injected into this ligatured piece, the coil replaced, 
and the wound in the stomach closed. The percentage of 
proteid contained in the solution being known, the operators 
estimated the quantity injected by the loss of weight of the 
syringe used. After a few hours the animal was killed, and 
the amount of proteid in the piece of intestine was estimated. 
It was invariably found that a considerable portion had 
disappeared in from one to four hours — from 16 to 88 per 
cent, of egg-albumen, from 28 to 95 per cent, of acid albumen 
prepared from muscle. Yoit and Bauer refute the obvious 
objection that the coil of small intestine was not thoroughly 
cleansed from the peptic and pancreatic ferments, as they 
found that the remainder of the proteid in the piece that had 
been tied was always completely coagulable by. boiling. No 
peptone was present with the proteid. 

Yoit and Bauer have also injected solutions of proteid into 
the rectum of fasting dogs, and determined the absorption of 
the unchanged proteid from the increased secretion of urea. 
Eichhorst t draws the same conclusion from similar experi- 
ments. These experiments are open to the objection that 
the pancreatic ferment may extend into the rectum. The 
experiments of Czemy and Latschenberger,^ however, are 
free from this objection, because they were made on a man 

• 0. Voit and J. Bauer, Zeiischr. f, Biolog., voL t. p. 562 : 1869. 

t Hermann Eichhorst, Pfluger's Ardh., vol. iv. p. 570 : 1871. 

X V. Czemy and J. Latsohenberger, Virohow's iircft., vol. lix, p. 161 : 1874. 
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with an artificial anus at the sigmoid flexure. The rectum 
could be syringed quite clean through the fistula. If a 
solution of proteid were then injected, and the rectum again 
washed out after from twenty-^three to twenty^nine hours, it 
was found that from 60 to 70 per cent« of the proteid had 
disappeared. 

A few authors have gone so far as to maintain that only 
the unaltered proteid is of any use after absorption in 
replacing the proteid used up in the tissue, and that the 
peptones, on the contrary, undergo rapid further decompo-^ 
sition, and only serve as sources of energy* 

Certain facts seem to agree with this yiew. A fasting 
animal is very economical with its store of proteid, and its 
excretion of urea is very limited; whereas^ after a meal 
consisting largely of proteids, an amount of nitrogen closely 
corresponding to the proteid eaten reappears in the urine in 
the course of the next twelve hours. It might h priori be 
expected that the nitrogenous equilibrium would be maintained 
if a fasting dog were to eat as much proteid as corresponds to 
the nitrogen excreted in hunger, together with plenty of non- 
nitrogenous food. It might be thought that it would be in- 
different whether the necessary proteid were derived from the 
food or from the animal's own tissues. But it is not so« If 
a fasting dog be given only as much proteid as corresponds to 
the proteid used up in fasting, it still goes on using up 
the nitrogenous constituents of its own tissues. Nitrogenous 
equilibrium, i.e. the condition in which the animal excretes 
no more nitrogen than he takes in, is not established until 
three times as much proteid is given.* 

Ludwig and Tschiriew t injected into the vein of a dog 
defibrinated blood from another dog. This only caused an 
inconsiderable increase of nitrogenous excretion. But if they 
gave the dog the same quantity of blood by the mouth, the 

• Volt, ZeiUckr. f. Biolog., toI. iiL pp. 29, 30 : 1867. 

t & Tschiriew, ArMtm au$ demj^yiol. InttUtU su Leipzig, p. 441 : 1874. 
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excretion of nitrogen rose proportionately to the amount 
giyen. Forster * attained the same result in similar 
experiments. 

Proteid, therefore, behaves very differently according 
to the way in which it reaches the blood and the tissues. 
When taken up from the intestine, it rapidly undergoes a 
destructive metabolism. 

This fact was quoted in support of the theory that 
peptones are not assimilable. It was claimed that proteids 
absorbed from the intestine, being mostly peptonized, must 
therefore go on decomposing rapidly ; and, further, that only 
that portion of the proteid which is absorbed as such can be 
used in building up the tissues. 

But the foots are capable of another interpretation, for 
we now know that the peptones are, after absorption, re- 
generated into proteid. The following experiments show 
this to be the case. 

Plosz t fed a dog ten weeks old for eighteen days on an 
artificial milk, in which the casein and the proteids were 
replaced by peptones. The animal kept its health on this 
diet, and its weight increased from 1885 to 1836 grms., or 
87*5 per cent. It is very improbable that the weight could 
increase so much without a corresponding growth of the 
tissues containing proteid, which must, therefore, have formed 
from the peptones of the food. 

Plosz and Gyergyai^ made a second experiment on a 
full-grown dog. The animal was fed for six days on an T 

artificial mixture, containing peptone instead of proteid. I 

During this time the weight increased somewhat, and the 
excretion of nitrogen was a little less than that taken in. ^ 

This experiment, again, can only be interpreted to mean that 
proteid had been formed from the peptones. 

* X Fonter, ZeiUehr, f. BicHog., toI. iL p. 496 : 1875. 

t P. Ploaz, Pflflger'a Areh., toI. ix. p. 823 : 1874. Compare Maly, ibid., vol. 
iz. p. e09 : 1874. 

t P. Pica and A. Oyergyai, ibid., vol. z. p. 545 : 1875. 
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The proteid stored in the animal tissaes may come from 
two sources : from that which has been absorbed mialtered, 
and from that formed by the regeneration of the peptones. 
But what qnantitatiye proportion do they bear to each other ? 
How large is the portion of the proteid of the food which is 
peptonized in the intestine? Sohmidt-Miilheim * tried to 
find an answer to this in the following manner. He fed six 
dogs on boiled meat, killed them one, two, four, six, nine, 
and twelve hours after the meal, and examined the contents 
of stomach and intestine. In each case he found considerably 
more peptone than dissolved proteid, both in stomach and 
intestine. It thus appears that the greater part of the proteid 
became absorbed after peptonization. 

What is the fate of peptones after absorption ? They are 
either not found at all or only in very small amount, in the 
blood of digesting animals. Scbmidt-Miilheim gives the 
maximum as 0*028 per cent, of serum ; Hofmeister found 
that it amounted to as much as 0*055 per cent, of the total 
blood. Peptones are not found in the blood of fasting 
animals.t As might be expected, they cannot be detected in 
chyle, not even when they are found in the blood.t If pep- 
tone be injected into the blood, it passes into the urine, § and 
none can be traced in the blood after from ten to sixteen 
minutes. 8 Hofmeister has shown also, that after subcutane- 
ous injection the greater part of the peptone — as much as 72 
per cent. — reappears in the urine. IT 

As normal urine never contains peptone, the peptone 

* Schmidt-Mulheiro, Da Bois' Jreh., p. 48 : 1879. 

t Ibid., pp. 88-42 : 1880 ; Hofmeister, ZeiUehr, /. phytioh Ckem,, toI. ▼. p. 
149 : 1881 ; and vol. vi p. 60, et teq, 

X Schmidt-MQlheim, Da Bois' Arch,^ p. 41 : 1880; Hofmeister, Aroh.f, exper. 
Path, u, Pkarm.^ vol. xix. p. 17: 1885. 

S P. Plosz and A. Qyergyai, PflO^r'a AreK vol. x. p. 552: 1875; Fr. 
Hofmeister, Zeiftckr. /. phyaiol. Chem,, vol. v. p. 131 : 1881. 

I Schmidt-Mmheim, Da Bois' Arch.^ pp. 46-48: 1880; Fano, ibid., p. 281 : 
1881. 

If Fr. Hofmeister, ZeiUchr. f. phytioL Chem., vol. v. pp. 132-187: 1881. 
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absorbed from the intestine must be prerentedy by some means 
or other, from passing into this secretion. The larger portion 
does not apparently enter the general ciroalation as peptone, 
but is previously converted into proteid. But where does 
this regeneration of peptone to proteid take place ? Is it in 
the liver ? If the peptones are considered as decomposition- 
products from albumen, then the formation of proteid from 
peptone would be analogous to the formation of glycogen 
from sugar in the liver. But the portal blood either contaias 
no peptone, or not more than arterial blood.* 

The only remaining supposition is that the conversion 
of peptones into albumen takes place mostly within the 
intestinal walls. The facts observed by Hofmeister are in 
harmony with this view. He most carefully examined the 
viscera of dogs while digesting, and found that the stomach 
and intestinal waU are the only parts of the body in which 
a supply of peptone is always found during digestion. In 
most cases small quantities of peptones were also found 
in the blood, and in four out of ten cases in the spleen. No 
peptone was ever detected in any other organs or tissues.f 
Hofmeister has also shown that the peptones are always 
stored in the mucous membrane, and never in the muscular 
walls of the alimentary canal.} 

Lastly, Hofmeister has discovered the important fact that 
peptone soon undergoes a change in the gastric and intestinal 
wall.§ The stomach of an animal, immediately after it had 
been killed, was divided into two symmetrical halves by 
incisions in the large and small curvatures, or else a piece 
of intestine was separated by two incisions lengthwise into 
two equal portions. The mucous membrane was washed 
with a dilute solution of common salt, one half was thrown at 

* Sohmidt-Maiheim, Dn Bois* Areh., p. 43 : 1880. 
t Hofmeister, ..^fsc^r./. phyHol. Ckem,, vol. vi. p. 51 : 1882. 
X HofmeiBter, Areh.f, eai^pw. Path, u. Pharm.t vol. xix. pp. 9, 10 : 1885. 
§ Hofmeister, ZeUsekr.f. phynol, Chem,, toLyL pp. 69-73; and Arch./, exper. 
Path, tt. Pharm.f vol. xix. pp. 8-15 : 1885. 
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once into boiling water, whereas the other one was previously 
pat for a little time into a moist chamber at 40"" G* .Far more 
peptone was always found in the first half than in the second. 
If the second half were not placed in the boiling water for 
two or three hours, no peptone was ever found in it. It is 
for teleological reasons very improbable that the peptone is 
further split up in the mucous membrane. One can only 
suppose that the peptone is reconverted into proteid in the 
mucous membrane of the digestive canal. That it is a vital 
process is rendered probable from a fact observed by 
Hofmeister. If one half of the stomach were thrown at once 
into boiling water, and the other kept in water at 6(f C. for 
a few minutes before being placed for two hours in a tem- 
perature of 40"^ C, the amount of peptone proved to be the 
same in both halves. A temperature of 60"^ G. has been found 
by experience to destroy living animal cells, but not the 
unorganizM ferments. The conversion of peptone into proteid 
must, therefore, be brought about by the vital functions of 
the surviving oeUs of the extirpated etomach. 

The following observation, made by Salvioli * in Ludwig's / 
laboratory in Leipzig, perfectly agrees with these results of 
Hofmeister's. A coil of small intestine, with the piece of 
mesentery attached, was cut out of a dog that had just been 
killed. One gramme of peptone in 10 ccms. solution was 
placed in the piece of intestine, and the ends closed. Then, 
after tying the collateral vessels, a current of warm defibrinated 
blood, diluted with a solution of common salt, was directed 
into a branch of the mesenteric artery,, and allowed to flow 
out again by the corresponding vein. Whilst the blood 
circulated, the intestine showed marked peristalsis. After 
the current had lasted four hours, the intestinal contents were 
«y examined, and were found to consist of about half a gramme 
of coagulable albumen, with mere traces of peptone. Nor 
was there any peptone in the blood that had made the circuit. 

* GaeUno Salvioli, Do Boia' Areh., Suppl., p. 112 : 1880, 
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Bui if peptone were added to the blood beforehand, it was 
always found unaltered at the end of the experiment. The 
peptone, therefore, disappears in the intestinal wall on the 
way from the intestinal contents into the blood. 

I must now return to an observation on the behaviour 
of peptones, and diseuss it in somewhat greater detail. We 
have seen that the reconversion of peptones into albumen 
within the intestinal wall is usually not very complete; a 
part of the peptone generally passes, unchanged by digestion, 
into the blood. Now, what is the further fate and the signifi- 
cance of this portion? Why does it not pass into the urine, 
considering that the peptone artificially introduced into the 
blood does so at once? Hofmeister* remarked this fact, 
for he calculated that the amount of peptone which reached 
the blood after subcutaneous injection, and passed into the 
urine, was much less than the quantity that was found in 
the blood of animals while digesting, and which did not pass 
into the urine (compare p. 227). Thus the peptone that 
has entered the blood from the intestine behaves di£ferentlv 
from that which reaches it in any other way. Hofmeister 
explains this fact by saying that the peptone which has 
reached the blood from the intestine is not contained in the 
plasma^ but in the lymph-cells. The reasons which cause 
him to adopt this view are as follows : — 

1. Considerable quantities of peptone are found in pus, 
and, moreover, principally or even exclusively in the pus-cells, 
which are identical with the lymph-cells and the colourless 
blood-corpuscles or leucocytes.f 

2. When the blood of an animal was examined during 
digestion, the serum was free from peptone; whereas the 
uppermost layer of the blood-dot, which always exhibits most 
leucocytes (compare Lecture XIII.), was found to contain 0*09 
per cent, of peptone.j: 

* Hoftneister, Zeiiachr,/, phynol Chem., vol. t. p. 148 : 1881. 

t Ibid^ ToL It. p. 274, et aeq.: 1880. X IhioL, toL yL p. 07 : 1882. 
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8. The percentage of peptone in the spleen, which is well 
known to contain lencocytes in abundance, was always found 
to be higher than that in the blood of the same animal. 

4. The adenoid tissue, which contains a moderate number 
of lymph-cells in famishing and hungry dogs, is literally 
overflowing with them in the case of well-fed dogs.* 

5. The cells in the adenoid tissue pf animals while digesting 
show more nuclei undergoing katyoldhesis than those of 
fasting animals.f 

Finally, Hofmeister's pupil, J. Pohl,t has shown that the 
number of leucocytes in the blood increases during the 
digestion of food rich in proteid, but not during the absorption 
of carbohydrates, fats, salts, and water. Fohl has also shown 
that this increase of leucocytes proceeds from the intestinal 
wall, for there was always a much larger number in the 
intestinal vein^ than in the corresponding arteries. 

Thus it appears that the lymph-cells serve not only as 
the means of transport for the peptones in the blood-current ; 
their increase and growth appear to be intimately connected 
with the absorption and assimilation of nitrogenous food. 
, As the number of leucocytes in our body is always the same, 
it follows that, as the proteid becomes absorbed and new cells 
are produced by division, a corresponding amount of old 
lymph-cells must die off and decay. This, perhaps, partially 
explains the above-mentioned fact, that the absorption of 
large quantities of proteid is followed by rapid destruction of 
a corresponding amount of proteid. 

At the same time, we are not bound to assume that all 
the peptone which disappears in the intestinal wall is 
reconverted into proteid in the lymph-cells of the adenoid 
tissue, and that this reconversion only takes place through 

• Hofmeister, ZsUaekr. /. phy$iol, Ohem,, toL ▼. p. 150 : 1881. 
t HofmeiBter, Arch. /. exper. Path, u. Pharm^ vol. xix. p. 82 : 1885. Oompaze . 
also ToL XX. pp. 291-805 : 1885 ; and vol. xxii. p. 306 : 1887. 
t JuHus Pohl, ibid., toL xxt. p. 31 : 1888. 



232 LBOTUBB XIL 

the assimilation^ growth, and division of lymph-oells. Heiden- 
hain * has called attention to the fact that the nuclei under- 
going karyokinesis in the lymph-cells of adenoid tissue are 
not sufficiently numerous to justify such a conclusion. He 
considers that the reconversion of the peptones into proteid 
may occur to a large extent in the epithelial cells, which then 
surrender it to the blood-plasma of the capillaries forming a 
network around the intestinal villi, immediately below the 
epitheliftl cells. 

We must now consider what happens to the peptone, 
which has reached the blood from the intestine. As already 
mentioned, it very soon disappears from the blood, without 
passing into the urine. Where does it undergo a change? 
The conversion does not take place in the blood itself. 
Hofmeistert took two samples of blood from the carotid 
of a dog during the process of digestion. The first was 
immediately tested for peptone; the second was kept for 
two and a half hours at 87** C. before being tested. The 
amount of peptone was found to be exactly the same in both 
cases. Hofmeister also laid bare to the utmost extent the 
carotid and crural arteries of a living dog, applying ligatures 
above and below, as well as to the lateral branches. After 
half an hour, the pieces of artery which had been tied were 
taken out, and their contents removed. Peptone was found 
in them. It does not, therefore, disappear in* the blood, and 
must consequently pass into the tissues from the capillaries. 
This is in accordance with the fact that during digestion, 
when the arterial blood contained large quantities of peptone, 
the blood of the corresponding veins was found to be devoid 
of any.t 

Armed with this knowledge concerning the behaviour of 
peptones in the body, we are now in a position to explain the 

* Heidenhain, Pflfiger's Arch., Suppl,, vol. xli. pp. 72-74. 

t Hofmekter, Arch, /. exper. Path, u. Pharm.f voL xix. p. 23 : 1885. 

I Ibid., Tol. ziz. p. 80 : 1885. 
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hitherto enigmatic appearance of peptone in the nrine in 
certain forms of disease. We have seen that the peptones 
pass into the nrine as soon as they reach the blood by some 
other means than from the intestine. This is obvionsly the 
case in all those pathological processes in which peptonuria 
occnrs. Probably in all such oases there is a pathological 
disintegration of necrotic tissue, as the result of which 
peptone is formed and is absorbed into the blood ; * as, for 
instance, in those diseases in which there is a considerable 
accumulation and decomposition of pus — ^in empyema, puru- 
lent peritonitis, pyelitis, in some cases of phthisis with large 
cavities, and the like. The appearance of peptone in the 
nrine in the stage of resolution of croupous pneumonia may 
be explained in a similar manner ; the peptone reaches the 
blood when the exudation in the lung is absorbed. As a 
matter of fact, Hofmeister was able to demonstrate the 
presence of a considerable quantity of peptone in the infiltrated 
pneumonic lung. 

* ^. Uaixner^ Pragw Vieridf., vol. cxliii. p. 75 : 1879. HofmeUter, ZeiUtkr. 
/. pkytioL, Chetn., toL iv. p. 265 : 1880; B. ron Jaksoh, ZeiUehr, /. kUn, Med., 
Tol. vi. p. 418 : 1883 ; H. Pacanowaki, ibid., vol. ix. p. 129 : 1885. 
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LECTURE XIII. 



BLOOD AND LYMPH. 



HAViNa followed the course of the alimentary substances as 
far as their entrance into the blood, we will now proceed to 
consider the blood itself. 

The first thing that strikes us when we begin to examine 
the bloody and that which offers the greatest difficulties to 
chemical analysis, is the phenomenon of coagulation. As 
soon as the blood leayes the vessels of the living animal, a 
part of the proteids passes from the apparently soluble into 
the coagulated condition. The quantity of this colloid sub- 
stance, commonly called fibrin, is relatively very small. It 
does not usually exceed from 0*1 to 0*4 per cent, of the weight 
of the blood. Nevertheless, the passage of this small amount 
into the coagulated state converts the whole blood into a 
more or less solid jelly-like mass. On standing, this mass 
contracts, sometimes to half of its original volume, and 
sijueezes out the contained fluid, whilst the corpuscles are 
almost wholly retained. Thus the coagulated blood separates 
into clot and serum. Serum is therefore plasma minus 
fibrin ; the clot consists of the closely packed blood-corpuscles, 
with a small residue of serum and the coagulated proteid, or 
fibrin. 

If, however, the blood be beaten with a glass rod whilst 
coagulation is proceeding, the coagulating substance attaches 
itself to the rod in the form of small fibrous masses, which 
coalesce with one another^ and contract round the rod so 
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that they can be removed with it. In this way so-called 
defibrinated blood is obtained, which remains fluid, and 
consists of serum with blood-corpuscles suspended in it. 
When we remember how great a tendency to pass into a 
coagulated modification is shown by all colloid bodies (com- 
pare pp. 60-68), the phenomenon of. coagulation ought not to 
surprise us. Moreover, it is by no means a peculiarity of 
the blood. Lymph and chyle are likewise coagulable. The 
appearance of rigor mortis in dying muscle depends upon an 
essentially similar process, and it is probable that the death 
of every living vegetable and animal tissue is accompanied 
by a passage of a part of the proteid constituents from the 
fluid to the coagulated state. Coagulation of the blood is, 
therefore, not a vital process — ^it indicates the commencing 
dissolution of the dying blood ; it might, therefore, be thought 
that the subject of coagulation was beyond the scope of 
physiology. 

The coagulation of the blood, however, subserves a very 
important process; it greatly aids in preventing bleeding 
when a blood-vessel is injured, and so far it may be con- 
sidered as a physiological process, one of the means of self- 
preservation possessed by the organism. 

The nature and causes of coagulation possess an extreme 
interest from a pathological point of view. For it is well 
known that, under certain pathological conditions, coagulation 
of the blood takes place in the vessels during life ; and this 
process leads to disturbances of the most varied character, 
and may be a cause of death. 

Hence it is a question of great importance to know what 
causes the blood to remain fluid under normal conditions in 
the vessels during life ; what the exact nature of the whole 
process is ; what the substance is which separates out ; and 
what the causes of its separation are. In spite of many 
researches, we are not yet in a position satisfactorily to 
answer this question. The little that is positively known we 
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will consider in detail* First of aJl, we know that the contact 
of the blood with the normal living vessel-wall prevents 
coagulation.* If, in a living animal, a blood-vessel be tied 
at two points, the enclosed stagnating blood does not coagulate 
for several hours, but it does so very quickly if it be allowed 
to escape from the vessel. 

Briioke showed that the blood in the heart of the tortoise 
remained fluid after the heart had been removed from the 
body, when the vessels had been tied. If minute glass tubes 
were inserted into some of the vessels, so as to fit them 
exactly, and to prevent the blood from coming into contact 
with the wall of the vessel, it was found that the blood 
clotted in these tubes, but remained fluid elsewhere, in the 
other vessels and in the heart. Indeed, Briicke observed that 
any foreign body introduced into the blood became covered 
with a layer of fibrin. 

When a vessel is ligatured, the blood after a time 
coagulates from the point ligatured down to the first branch 
given off from the vessel. The coagulation always starts 
from the ligatured spot, where the endothelium of the vessel 
is injured. It may also be supposed that the whole endothe- 
Ual Uning, from the injured spot to the first branch, is 
altered and no longer normal, since it does not obtain the 
usual amount of specific nutriment in consequence of the 
stagnation of the blood. 

In this way the occurrence of thrombosis, in consequence 
of atheromatous degeneration of the lining membrane, or 
as the result of the compression of the vessel by a new 
growth, etc., may be explained.! 



• E. Brucke, Yiicliow^a Arch., vol. xii. pp. 81, 172: 1857. 

t On the origin of thrombi vide Virchow's researches in his ** G^esammelten 
Abhandlnngen znr wissensohafUiohen Mediolo/' pp. 59-732 : Frankfurt a. M., 
1856; farther F. W. Zahn, Virohow's Areh., vol. Izii. p. 81: 1875; and J. 0. 
Eberth and 0. SchimmelboBch, Yirohow's Ardi.y vol. ciii. p. 39: 4886; and vol. 
OY. pp. 331, 456: 1886. A general survey of the literature of the subject is 
given here. 
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We know, fartbery that the coagulation of the blood is 
constantly preceded by the death and breaking up of the 
white blood-corpuscles. It would appear that in some way 
or other the products of the breaking down of leucocytes 
enter into the formation of the clot.* Mantegazza pointed 
out that only those fluids are spontaneously coagulable which 
contain leucocytes, such as blood, lymph, and pathological 
transudations,! and that the fluids lose their power of clotting 
as soon as the leucocytes can be removed. Johannes Miiller | 
had shown that, if frog's blood be diluted with a solution of 
sugar and filtered, the large red blood-corpuscles remain in 
the filter, whereas the filtrate coagulates. Johannes Miiller 
therefore concluded that the coagulating matters arise from 
the plasma. But Mantegazza showed that the small and 
soft colourless blood-corpuscles get through the filter-paper 
in this experiment, and that if the colourless corpuscles are 
retained by the use of very fine filter-paper, the filtrate is 
not coagulable. § 

When Mantegazza drew a silk thread through the vein 
of a living animal, he found that in two minutes it was 
covered with leucocytes, and fibrin commencing to form round 
them. If the experiment lasted longer, the thread became 
surrounded with a strong white coagulum, which was always 
crowded with leucocytes. Other foreign bodies introduced 
into the blood-current behaved in the same manner, and, 

* The view that fibrin aroae from the breakiDg up of tlie lenoooytes was first 
adopted by William Addisoti, London Mediecd OazeOe^ new ser., vol. i., for the 
session 1840-1841, pp. 477, 689 ; and by Lionel Beale, Quar. Jovm, of Mioro$. 
Seienee, t. xiv. p. 47: 1864; snbseqnently by Paolo Ifantegazza, *^Bice^ohe 
sperimentali snll' origine della fibrina e snlla causa della coagnlatione del 
san^nie :*' Milano, 1871. A complete account of this work, by Boll, appeared in 
1871, in the CentraJb. /. d. mod. FuMiuoft., p. 709; and in 1876 Mantegazza 
published his work in German in Moleschott's Vnienneh. e. NcUurlehre des 
Meruehen u. der Thiere, toL xl pp. 528-577. Compare B. Tiegel, "Notizen 
fiber SchlaniBfenblut," Pflfiger's Aroh^ voL xxUL p. 278 : 1880. 

t Mantegazza, Moleschott's UfUerntch. m. Ncdwrlehre, vol xi. pp. 552, 557. 

X Johannes Mailer, Handb, d. Physiol de» MoMcihen^ 4th edit, toL L p. 104 : 
Coblentz, 1844. 

{ Mantegazza, loe. eit^ p. 556. 
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moreover, the rougher their surface the more extensive was 
the coagulum, and the more readil; did the leucocytes attach 
themselves to it. No coagulum formed round a smooth thin 
platinum wire.* 

Zahn made similar experiments with the same result. 
If he introduced small glass rods with smooth surfaces into 
the* heart of a live animal, no coagulum resulted. But if he 
roughened the rod with a file before insertion, a coagulum 
formed on the uneven surface. Zahn showed, further, that 
a grouping together and breaking up of leucocytes always 
precedes thrombosis. 

Finally, Alexander Schmidt has carried out very extensive 
experiments on the relation of colourless blood-corpuscles 
to coagulation.f He found that horses' blood was very 
suitable for this purpose, being possessed of two peculiarities 
in which it differs from the blood of other animals hitherto 
examined : firstly, it clots more slowly ; and, secondly, the red 
blood-corpuscles sink far more rapidly. It is thus possible 
to remove the plasma which remains after the red corpuscles 
have sunk to the bottom, before coagulation sets in. By the 
use of cold, clotting is still further delayed. If the blood 
be allowed to run from a horse's vein straight into a vessel 
surrounded with ice, the red corpuscles fall completely to the 
bottom, and the specifically lighter colourless cells, which sink 

* Mantegazza, he, eit^ pp. 558-563. 

t Alexander Schmidt has pahlished an account of the main facts of his 
comprehensiTe reseaiches, with the ^ title, **Die Lehre Ton den fermentativen 
Gerinnnngserecheitinngen in den eiweiasartigen thierischen Kdrperfliissigkeiten " 
(Dorpat, G. Mattiesen, 1876). Alexander Schmidt's more recent investigations on 
the coagulation of the blood are contained in the dissertations by his pupils for 
their doctorate: — L. Birk and J. Sacbsendahl, 1880; N. Bojanus and Ferd. 
•Hoffmann, 1881 ; Ed. von Samson-Himmelstjema and N. Heyl, 1882; H. Feiertag, 
F. Slevogt, Fr. Rauschenbach, and Ed. yon Gotschel, 1883; O. Groth and W. 
Grohmann, 1884; and Jacob von Samson-Himmelstjema, 1885. Compare O. 
Hammarsten, Pfl tiger's Arch., vol. xiv. p. 211: 1877; and toI. xxx. p. 437: 
1883 ; L. Fr^d^rioq, SuUet, de VAcad. roy, de Bdg., s^r. ii. t. Ixiv. No. 7 : Juillet« 
1877 ; Ann, de la 8oe. de mid, de Oand, : 1877; ** Recherches sur la constitution 
du plasma sanguin," Gaud, Paris, Leipzig, 1878; and L. C. Wooldridge, •♦The 
Nature of Coagulation," 1888." , 
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more slowly, form a layer over the red corpuscles (bnfifyocoat). 
The larger portion of the plasma can now be removed and 
filtered. The colourless cells remain in the filter, owing to 
the solid consistency acquired in the cold, which prevents 
their accommodation to the form of the filter-pores, and their 
consequent passage; and a pure, clear plasma is obtained 
as filtrate, which now clots very slowly, and yields a very 
slight coagulum. If leucocytes from the filter be added to 
this plasma, abundant coagulation takes place. If all the 
blood, the coagulation of which had been prevented by cooling, 
be allowed to clot at the temperature of the room, the firmest 
coagulum occurs in the bufiy-coat. 

My Dorpat colleague has repeatedly been so kind as to 
show me these experiments with the uncoagulated horse's 
blood. The amount of leucocytes is most surprising. They 
are undoubtedly far more numerous than in defibrinated 
blood. But the extraordinary variety of the forms is still 
more astonishing : from the smallest colourless corpuscles, 
with a diameter hardly greater than that of the red cor- 
puscles, such as one is accustomed to see in defibrinated 
blood, to the large granulated yellowish cells with nuclei, 
and a diameter of more than double — (Schmidt's granule 
masses).* After complete coagulation, these granule masses 
disappear. Schmidt and his pupils say that they have 
watched their breaking up into minute granules,t and the 
gradual change of the latter into the fibrin-coagulum, under 
the microscope. These granule masses, and the transitional 
forms between them and the ordinary colourless blood- 
corpuscles, appear to be much less numerous and to 
break up more rapidly in the blood of other mammals, so 

* A diagram of these granule maMes and their prodnoto of deoompoBition is 
given in the Dissertation of George Semmer, " Ueber die Faserstoifbildung im 
Amphibien.-nnd Yogelblnte nnd die Entstehnng der rothen Blutkorperohen der 
S&ngethiere : ** Dorpat, Mattiesen, 1874. 

t Mantegasza also noticed the granules in the plasma from hoxaee' Uood 
(foe, eit„ p. 563). 
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that it is difficult to obtain a view of them under the micro- 
scope.* 

We are unable as yet to decide whether the debris of 
leucocytes are themselves a part of the material which forms 
the coagulum, or whether certain products of decomposition, 
resembling ferments, give the impulse for the passage of 
certain proteids of the plasma into the coagulated modification. 

The following observation must be cited as being particu- 
larly important, tt appears that a part of the substances 
which excite coagulation remains in the blood after the 
separation of the fibrin. Alexander Schmidt showed that, if 
defibrinated blood or serum be added to lymph or to serous 
transudations, which coagulate very slowly of themselves, and 
give very little fibrin, the fluid would soon be entirely con- 
verted into a gelatinous mass. The fluids of the pleural and 
the pericardial cavities of human beings and of horses are 
usually quite free from lymph-cells, and therefore uncoagu- 
lable. But they coagulate on the addition of blood-serum. 
The fact that coagulation occurs in the vessels after the trans- 
fusion of defibrinated blood, is capable of the same explanation. 
Armin Edhlerf showed that if blood were taken from a 
rabbit, defibrinated, and then injected into the vessels of the 
same animal, death ensued owing to clotting in the vessels. 
For this reason, the therapeutic use of transfusion has fallen 
into disuse.^ 



ft 



* With the aid of the improved mioroeoopes, smaU grannies and ** plattohen 
have recently been disoovered in the blood, whioh are considered to be form* 
elements, and are supposed to participate in the ooagnlation of the blood. 
Alexander Schmidt explains these stmctures as being the d&ms of his grannie 
masses. In this connection vide G. Hayem, Compt rend., t Ixxxvi. p. 58 : 1878 ; 
J. Bizzozero, Virohow*s Arch., vol. xo. p. 261 : 1882 ; M. Lowit, 8it.zung$ber, der 
Wiener Akad., vol. Ixxxix. p. 270 ; and vol. xe. p. 80 : 1884 ; and L. 0. Wool- 
dridge, in the ** Beitrilge zur Physiologte, Oarl Lndwig zu seinem siebzigsten 
Ghibortstage gewidmet von seinen SchUlem," p. 221 : Leipzig, Vogel, 1887. 

t Armin Kohler, ** Ueber Thrombose nnd Transfusion, Eiter nnd septisohe 
Infection, u. deren Beziehimgen zum Fibrinferment : " Dorpat, 1877. 

X E. yon Bergmaan has published, in the form of a lecture, a very interesting 
accoont and criticism of the literature on the transfnslcm of blood, *' Die Schick- 
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From these remarks on the coagulation of the blood, it 
may be seen what diffioalties have to be encoimtered in the 
chemical examination of the blood, and especially in any 
attempt to obtain a separate quantitative analysis of plasma 
and of blood-corpuscles. 

The pure unaltered plasma, as procured from horse's 
blood, according to Alexander Schmidt's method, has never 
been analyzed. The serum has been analyzed, and the 
composition of the plasma has been deduced from that of the 
serum. It was considered that the composition of the plasma 
was ascertained when the fibrin was added to the serum. 
But we now know that the calculation is not so easy. We 
do not know which constituents of the plasma take part in 
the coagulation, nor which products of the decomposition of 
lymph-cells pass into the serum. We do not know what 
should be removed from or what added to the serum in order 
to determine the composition of the plasma. 

We are met by insuperable difficulties in the endeavour 
to free the red blood-corpuscles from the serum, and to 
analyze them in a pure state. The means adopted by 
chemists to separate a precipitate from a solution cannot be 
used in this case. The large blood*corpuscles of amphibia 
may be collected on the filter, but not those of mammals* 
This is not due to their minuteness ; for they are far larger 
under the microscope than, for instance, the crystals of a 
precipitate of sulphate of barium or oxalate of lime, which 
do not go through the filter. The red blood-corpuscles pass 
through the filter, because, owing to their soft and yield- 
ing consistency, they adapt themselves to the form of the 
filter-pores. The method of decanting remains as a last 
resource, but this alone does not suffice, and must be followed 
by washing; but what liquid will serve for this purpose? 
The usual medium, water, cannot be employed in this 

sale der Tiansfuflion im letzten Deoenninm : " Berlin, Hinohwald, 1883. Com- 
pare A. Landeier, Viichow*8 Arch., vol ot. p. 851 : 1886. 

B 
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case, for as soon as the red blood-corpuscles come into 
contact with water, the red colouring matter, hsemoglobin, 
is dissolved. Now, as this forms the chief constituent of the 
red corpuscles, nothing remains but so-called stromata, 
reduced, pale, round, very feebly refractive, specificaUy light 
debris* 

If, instead of water, a dilute saline solution of a certain 
concentration be employed, i.e. from 1^ to 8 per cent, of 
sodium chloride, no change in the corpuscles apparent under 
the microscope takes place. If the solution of salt is stronger, 
they shrink ; if more dilute, they swell, and lose some of their 
hsBmoglobin in it. 

By thus decanting and washing with dilute salt solution, 
the blood-corpuscles of defibrinated blood can be completely 
separated from all the constituents of serum. But do they 
retain their original constitution ? May not the salt or the 
water pass into the blood-corpuscles ; and, on the other hand, 
may not constituents of the blood-corpuscles have passed into 
the salt solution by osmosis ? We can only be certain of one 
thing, and that is, that no hsBmoglobin has escaped, as this 
would be at once discovered by its brilliant colour. It is 
likewise extremely probable that the genuine colloid sub- 
stances, the proteids, which diffuse with great difficulty, do 
not quit the blood-corpuscles. We are, therefore, in a position 
to form a quantitative estimate of the quantity of hsBmoglobin 
and of proteid in the corpuscles of a definite amount of 
blood. If, moreover, the quantity of hsBmoglobin and of 
albumen in the total blood, and the amount of proteid in 
the serum, be estimated, we are in possession of all the 
figures necessary to compute the proportion that the weight 
of the serum bears to that of the blood-corpuscles in the 
total blood. 

This is the method of quantitative analysis of the blood 

* For the properties and constitution of the stromata, vide L. G. Wooldridge^ 
Da Bois* Ardi,, p. 387 : 1881. 
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proposed by Hoppe-Seyler.* An example will serve to ex- 
plain the method of computation.f 

In 100 grms. of defibrinated pig's blood were found— 

(a) 18*92 ) 

(IklQ'QO I °^®*^ • ^^'^^ proteids + haBmoglobin. 

In the blood-corpnscles of 100 grms. of the same blood were 
fomid — 

(a) 15-04 j 

(b) 15-18 I mean : 15*07 proteids + hffimoglobin* 

(c) 15-05 ) 

In the serum of 100 grms. of blood — 

18-90 - 15-07 = 8-83 grms* proteids. 
In 100 grms. of serum — 

(a) 6-74 ) ^„„ ^ ., 

(b) 6-79 f *^^^*8e : 6-77 proteids. 

From this the amount of serum in 100 grms. of defibrinated 
blood may be tJomputed — 

• 100 = 56-6 per cent, serum. 

6-77 

100 - 56-6 = 48-4 per cent, blood-corpuscles. 

An analysis of the total blood and another of the serum 
is now all that remains to be made to enable us to compute 
the exact proportion of each constituent in defibrinated blood. 

In order to prove the reliability of this method, I deter- 
mined the proportion of the serum to the corpuscles in the 
same blood by another method. We are, in fact, able to 
estimate this proportion, as soon as we are in a position to 

* Hoppe-Seyler, "Handb. der phyaiol. u. pathol. ohemisch. Analyse," § 272, 
5th edit., p. 441 : Berlin, Hirschwald, 1883. TMb method is rendered much 
more simple by the use of the centrifage (vide L. von Babo, Liebig's Annate 
▼ol. Izxzii. p. 801 : 1852) ; without this, the repeated sinking of the blood- 
oorpnsolea for the purpose of decanting the fluid would necessitate a process 
occupying several weeks, and even at a low temperature decomposition and escape 
of hismoglobin would be unavoidable. 

t G. Bunge, ^ Zur qnantitativen Analyse des Blutes," ZeiUchr,/, Bidog., vol. 
xii. p. 191 : 1876. 
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ascertain accurately that any one of the constituents of the 
serum does not occur in the corpuscles. This is the case 
with sodium, in some kinds of blood. It was rendered prob- 
able by the earlier experiments of G. Schmidt* and of 
Hoppe-Seyler's pupil, Sacharjin,t and the following analyses 
made by myself put the matter beyond all doubt. 

If defibrinated pig's blood be acted on by the centrifugal 
machine, the red corpuscles separate from the serum as a 
thick paste, which is found to be very poor in sodium. It 
contains seven times less sodium than the serum. Supposing 
the deposit only to contain one-seventh of its total bulk of 
serum, this would suffice to cover its whole amount of sodium. 
Now, there was no difficulty in determining by the microscope 
a considerable amount of interstitial fluid among the cor- 
puscles. If the blood-corpuscles contain any sodium at all, 
it must be present in exceedingly minute quantities, and 
we should commit no serious error in determining the quantity 
of serum in blood, by calculating it from the amount of 
sodium in the blood and the serum. 

The analysis and calculation gave the following results : — 
In the total blood — 

(a) 0*2403 ) ^«..>« X XT r. 
V. r.c.Ar.r. f ^^^^^ ' 0-2406 pcr cent. NajO. 

(b) 0-2409 ) if «i 

In serum — 

(a) 0-4288 

(b) 0-4260 

9^— X 100 = 56-8 per cent, serum. 
0-4272 

100 ^ 56-3 = 43-7 per cent, blood-corpuscles.. 

The numbers agree remarkably with those obtained for the 
same pig's blood by Hoppe-Seyler's method. 

 0. Schmidt, ** Chaiakteristik der epidemisohen Cholera:" Leipzig and 

Mitan, 1850. 

t G. Sachaijin, «*Zur Blutanalyae,** Virchow'fl Arch., vol. xxL p. 837 : 1861. 
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In the case of the blood of the horse, I made an analysis 
according to Hoppe^Seyler's method, and foimd 46*5 per 
cent, serum, and 63*5 per cent. corpQscles ; by means of the 
sodinm calculation, the result was 46*9 per cent, of serum, 
and 58*1 per cent, of blood-corpuscles. This correspondence 
cannot be accidental. We must conclude from it (1) that 
Hoppe-Seyler's method gives correct results ; and (2) that in 
the blood of the pig and the horse, the sodium only occurs in 
the plasma. 

Unfortunately, the latter conclusion is not true for all 
varieties of blood. In dc^'s and bullock's blood, the corpuscles 
contain sodium as well as the serum. The easy and exact 
method for determining the relative proportion of corpuscles 
and serum by means of the amount of sodium is in so far 
of very great value, as it enables us to put to the proof other 
methods which are applicable to all varieties of blood. 

In the following tables the results of my analyses of blood 
are given : — 

Om TaoosAirfr Gbaumbs or Defibbinatbd Bukm) oontain — 



IkWi 



Water 

Fixed aabstanoes . . 

AlbameD and hnmc^ 

glublD . . . • 
Other organic rob* 

stances • . • . 
Inorganic substances 

K,0 

Na,0 

CaO 

MgO . . . . . . 

Ifr. :: :: 

* j" J • • • • 



Pig. 



436*8 oor- 
pusdesk 



2761 
1607 

151*6 



5-2 

2-421 


006d 

0-657 
0-908 






568*2 
serum. 



517-9 
45^3 

88*1 



2*8 

4*8 

0*154 

2-406 

0072 

O021 

0*006 

2084 

0-106 



Hone. 



981*5 cor- 
pnscles. 



828*6 
207*9 



2*63 




1*02 



468*5 
serum. 



818*7 cor- 
pusolea. 



420-1 
48*4 



018 
2-06 



1-76 



BuUoek. 



191-2 
127-5 

128^6 



2*4 
1-5 
0*288 
0*667 

O-O05 

0*521 
0*224 



681*8 
serum. 



622-2 
59-1 

49-9 

8*8 

5*4 

0*178 

2*964 

0*070 

O081 

0-007 

2-582 

0-181 
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One thonsand grammes of cos- 


One ibouaDd grammes of skbum 




WUBCLB6 contain — 




oootaln— 






no. 


HOBSS. 


BULLOCK. 


no. 


H0B8B. 


BULLOCK. 


Water 


6821 


608-9 


599'9 


919-6 


896-6 


913-3 


Fixed sobstances . . 


867-9 


89M 


400-1 


80-4 


103-4 


867 


Albumen and l)amo- 














' ^lobin 


3471 


— 


387-8 


67-7 


— 


73-2 


Other organic Bab- 














stances 


120 


— . 


7-5 


5-0 


.«. 


5-6 


Inorganic substances 


8-9 


— 


4-8 


7-7 


— . 


7-9 


Kfi 


5-543 


4-92 


0-747 


0-273 


0-27 


0-254 


NaiO 








2093 


4-272 


4-43 


4851 


CaO 





... 





0-136 


— 


0-126 


MgO • . . • » • 


0158 


— i~ 


0-017 


0038 


... 


0045 


Fe.0, 


— 


~- 


— 


— 


—' 


o-ou 


CI 


1-504 


1-93 


V635 


3-611 


3-75 


3-717 


PA 


2067 


-^ 


0-703 


0-188 


^~ 


0-266 



In order to give an idea of the composition of human 
blood, I subjoin the analysis of my revered teacher, Carl 
Schmidt,* one that has not yet been surpassed, though it may 
be remarked that the method employed gave too high an 
estimate for the corpuscles in proportion to the volume of 
blood. 



BLOOD OP A MAN TWENTT-FIVE TEAES OF AGE. 

One TaouBAin) Gbamuks of Blood. 

613*02 btood-oorpnscles. 

Water 34969 

Substances not yaporizing 
at 120° 163-33 



Hsmatin . . • . 
Paraglobulin, etc. 
Inorganio oonstituents 



Clilorine 

Sulphuric aoid 
Phoephoric acid . . 

PotaBsiuin 

Sodium 

Pliosphate of lime. . 
Phosphate of magneBiom. . 
Oxygen 



7-70 (including 0*512 iron) 
151-89 
3-74 (excluding iron) 



• f 



0-898 
0-031 
0-695 
1-586 
0-241 
0-048 
0-031 
0-206 J 



► ^ * 



' Chloride of potassium 
Sulphate of potassiuni 
Phosphate of potassium 
Phosphate of sodium 

Soda 

Phosphate of lime . . 
Phosphate of magnesium 

Total . . 



1-887 
0-068 
1-202 
0-325 
0-175 
0-048 
0-031 

8-736 



* C. Schmidt, *< Oharakteristik der epidomischen Choleru," pp. 29, 32: 
Leipzig and Mitau, 1850. 
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486-98 fntentltial finld (plamni). 

Water 439-02 

Sabstanoefl not Tapoiizing 
atl20«> 47-96 



Fibrin 

Albumen, etc. 
Inorganic constitnents 



Chlorine 

Sulphnric aoid 
PhoBphoric add . . 
PotaMinin . . 

Sodium 

Phosphate of lime 
Phosphate of magnesimn . • 
Oxygen 



8-93 

39-89 

414 

1-722 
0063 
0071 
0153 
1-661 
0-145 
0-106 
0-221 j 



' = 



' Sulphate of potassium . . 0*137 

Chloride of potassium . . 0*175 

Chloride of sodium .. .. 2*701 

I Phosphate of sodium . . 0*132 

^Soda 0-746 

Phosphate of lime 0-145 

Phosphate of magnesium .. 0*106 

Total ,. .. 4142 



Sfeoific Gbayitt = 1-0599. 



1000 grammes of bloocUcorpascles. 

Water 681-63 

Substances not yapoiizing 
atl20<> 318-37 



HflBmatin 15-02 (indnding 0*998 iron) 



Paraglobulin, etc. . . 
Inorganic constituents 



29607 
7-28 (excluding iron) 



Chlorine 
Sulphuric acid 
Phosphoric aoid • . 
Potassium .. 
Sodium 

Phosphate of lime . . 
Phosphate of magnesium 
Oxygen 



1-750 
0061 
1-355 
3091 
0-470 
0-094 
0060 
0-401 J 



» = * 



' Sulphate of potassium 
Chloride of potassium 
Phosphate (k potassium 
Phosphate of sodium 

Soda 

Phosphate of lime . • 
Phosphate of magnesium 



Total of inorganic constituents (exdusiye of iron) 
Speci^c gravity = 1-0886. 



1000 grammes of iDteratitial fluid (plasma). 

Water 90i'51 

Substances not vaporizing 
at 120° 98-49 



Fibrin 

Albumen, etc 
Inorganic constituents 






Chlorine 

Sulphuric add . . . , 
Phosphoric add . • 

Potassium 

Sodium 

Phosphate of lime 
Phusphate of magnesium. . 
Oxygen 



806 

81-92 

8-51 

8-536^ 

0-129 

0145 

0-314 

8-410 

0298 

0-218 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . • 
Phosphate of sodium 

Soda 

Phosphate of lime . . ' ^ 
Phosphate of magnesium 



455 j 

Total of inorganic constituents 

Spedfic gravity s 1-U812. 






0-132 
3*679 
2-.S43 
0-633 
0-341 
0-094 
0-060 

7-282 



0281 
0-359 
5-546 
0-271 
1-532 
9298 
0218 

8-505 
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LECTURE XIII. 



1000 grammM of aeram. 

Water 908-84 

BubstanoeB not Yaporizing 
atl20*» 91-16 



Albumen, etc. 
Inorganio constituents 



Chlorine 

Sulphuric acid 
Pliosphoric acid . • • 

Potassium 

Sodium 

Phospbate of lime . . 
Phosphate of magnesitim 
Oxy^BQ 



82-59 

8-57 

8-565 ^ 

0180 

0-146 

0-317 

3-488 

0-300 

0-220 

0-458 J 

Total of 

Specific 



r = 



' Sulphate of potassium 
Chloride of potassium 
Chloride of sodium . . 
Phosphate of sodium 

Soda 

Phosphate of lime . . 
Phosphate of magnesium 



inorganic constituents 
gravity = 1-0292. 



• • 



0283 
0-362 
5-591 
0-273 
1-545 
0-300 
0*220 

8-574 



BLOOD OP A WOMAN TmBTY TEARS OP AGE, 
Onb Thousand Gbammbs or Blood. 

396*24 blood-ooipDscles. 

Water 27256 

Substances not vaporizing 
at 120^ 123-68 



Hssmatin . . 
Paraglobulin, etc. .. 
Inorganio constituents 



6-99 (indadiDg 0-489 iron) 
11314 
3*55 (excluding iron) 



Chlorine 

Sulphuric acid 
Phosphoric acid . . 

Potassium 

Sodium 

Phosphate of lime > 

Phosphate of nuignesium ) 

Oxygen 

Total 



0-643 
0-029 
0-362 
1*412 
0-648 



' = < 



' Sulphate of potassium 
Chloride of potassium 
Phosphate of potassium 
Potash 

Soda 

Phosphate of lime ) 

Phosphate of magnesium ) 
0-370 f 
of inorganio constituents (exduding iron) 






0-086 



0062 
1-353 
0-835 
0-340 
0-874 

0H)86 



3-550 



603-T6 intenUtUtl fluid (plaama). 

Water 551-99 

Substances not vaporizing 
at 120° 61-77 



Fibrin 

Albumen^ etc. 
Inorganic constituents 



Chlorine 

Sulphuric add 
Phosphoric acid . . 

Potassium 

Sodium 

Phosphate of Ume > 
Phosphate of magnesium ) 
Oxygen 



1-91 

44-79 

5*07 

2-202^ 

0-060 

0-144 

0-200 

1*916 

0-382 






' Salphate of potassium 
Chloride of potassium 
Chloride of sodium . . 
Phosphate of sodium 

Soda 

Fliosphate of lime ) 

Phosphate of magnesium \ ' * 



0-211 J 

Total of inoiganie constituent* 



0131 
0-270 
3-417 
0-267 
0-648 

0-332 



5-065 



1 



i 
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Spboifio GBAViTr = 1"0503. 

1000 gnmmefl of blood-ceUs. 

Water 68788 

SnbBtances not vaporizing 
at 120° 81212 



Hffimaiin 1848 (indading 1*229 iion) 



Paraglobulin, etc. . . 
Inorganic constituents 



284-68 
8*96 (excluding iron) 



• • 



Chlorine 
Sulphuric acid 
Phosphoric aoid . . 

Potassium 

Sodium 

Phosphate of lime ) 

Phosphate of magnesium ) 
Oxygen 



1*623 
a072 
0-913 
3*565 _ 
1*635 f - ' 



0-218 
0933 



' Sulphate of potassium 
Chloride of potassium 
Phosphate of potassium 

Potash 

Soda 

Phosphate of lime 7 

Phosphate of magnesium ) 






Total of inorganic constituents (excluding) 
iron of colouring matter of blood) ) 
Specific grayity ^ l-088a 



0^157 
3-414 
2-108 
0-857 
2-205 

0-218 



8-959 



1000 gruBmes of iotentitUl fluid. 

Water 91425 

Substances not vaporizing 
at 120° 85-75 



Fibrin 

Albomen, etc. 
Inorganic constituents 



Chlorine 

Sulphuric add 
Phosphoric aoid • . 

Potassium 

Sodium 

Phosphate of lime } 
Phosphate of magneeinm y 
Oxygen 



' 1000 gnmmes of Mnun. 



316 

74-20 

8*39 

3*647 \ ( Sulphate of potassium 

0*100 Chloride of potassium 

0*237 Chloride of sodium .. 

0*382 _ Phosphate of sodium . • 

3*173 - ' Soda 

o.'L'in Phosphate of lime > 

v*oou Phosphate of magnedum J 

0*361 j I 

Total of inorganic constltaents • • 
Specific gravity = 10269. 



0*217 
0447 
5-659 
0*443 
1*074 

0-550 



8*390 



Water 


• • 


91715 








Substances not vaporizing 






at 120° .. 


• • 


82*85 
74*43 




Albumen, etc. 




Inorganic constituents 


• • 

• • 


8*42 




Chlorine . . 


8*659 ^ 1 


r Bnlphate of potassium 


0*218 


Sulphuric aoid • . 


• • 


0-100 




Chloride of potassium 


0*448 


Pboepborio add . . 


a • 


0*238 




Chloride of sodium .. 


5-677 


Potasnum .. 


• • 


0-333 




Phosphate of sodium 


0*444 


Sodium 


• • 


3*183 




Soda 


1077 


Phosphate of lime 


,! 


0*552 




Phosphate of lime ) 
Phosphate of magnesium { * * 


0*552 


Phosphate of magnesinni 




V Wmt 


Oxygen 


• • 


0*351 




> 








Total of inorganic oonstituenta • . . • 


8*416 






Sped! 


logrg 


ivity = 1-0261. 





UJI - i I 
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LECTURE Xni, 



More exact quantitative estimates of the organic con- 
stituents of the blood-corpuscles have been given by Hoppe- 
Seyler and his pupils.* 



One Thousand Pabtb of Obganio Mattbb in the Bed Cobfuscles 

CONTAIN — 



( 



Oxyhemoglobin .. 
Proteids and nuclein 
Lecithin . . 
Cholesterin 



Hunuui blood. 








.— W^V. >s 


Dog's 
blood. 


Hedge- 
hog. 


Gooee. 


I. II. 








86-8 


94-8 


86-5 


92-3 


62-7 


122 


61 


12-6 


70 


36-4 


0-7 


0-4 


0-6 


0-7 


0-5\ 
0-5/ 


0-3 


0-3 


04 


-^ 



Colaber 
natrix. 



46-7 
45-9 



0-9 



Hsemoglobin^t therefore, is the only organic substance 
which is peculiar to the red corpuscles. It also forms the 
chief constituent of the dried corpuscles. We have already 
considered the composition of hsemoglobin and the question 
of its origin (pp. 58 and 92-108), and we shall have to discuss 
the importance of hsamoglobin in respiration in the following 
lecture. The products of decomposition will also be con- 
sidered at a later period (Lectures XYII. and XYXII.). 

The organic substances found in serum are proteid, fat, 
soaps, cholesterin, lecithin, sugar, urea, kreatin, and a 
yellow colouring matter soluble in alcohol and ether, called 
lutein. Among the proteids, which make up the chief part 
of the organic substances, two groups are to be distin- 
guished, the albumens and the globulins* The former are 
soluble, the latter insoluble, in water, but globulins are dis- 
solved by dilute solutions of sodium chloride. If serum be 

* Hoppe-Seyler, Med. e^evn. Unten,, p. 391 ; and Gastav JfideU, ibid., p. 
886 : Berlin, 1868. 

t A deecription of all the physioal and chemioal properties of hidmoglobin 
wonld be beyond the scope of the present text-book. I therefore refer the 
reader to the aooounta of Hoppe-Seyler in his Med, ehem, UnUra. : Berlin, 1866- 
1871 ; and to those of HfLfoer and his pupils in the Zeitschr, f. physiol. Chem. ; and 
in the latest yolnmes of the Joum,f. prakt, Chem. Gon^pare also Nencki and 
Sieber, Arch, f. exper. Path, u. Pharm,, yoL zviii p. 401 : 1884; and vol. xz. 
pp. 325, 332 : 1886. 
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subjected to dialysis, the salts of the alkalies diffuse and the 
globulins are precipitated, whilst the albumens remain dis- 
solved (compare p. 62). The relative proportion of the two 
varies much. The result of starvation is to reduce the 
quantity of albumen and to increase the quantity of globulin. 
It would thus appear that globulin is the form which proteid 
assumes in its transference from one organ to another. We 
know that in starvation the more important organs, the 
centres of life, are nourished at the expense of the other 
organs, chiefly of the skeletal muscles.* Thus Voitf found 
that the brain and spinal cord of a cat, after thirteen days* 
starvation, had lost only 8*2 per cent, of its weight, the heart 
only 2' 6 per cent. ; the skeletal muscles, on the other hand, 
80*5 per cent. Miascher found, in the observations already 
quoted (p. 91), that the Rhine salmon, during its sojourn in 
fresh water, eats nothing, and that the organs of reproduc- 
tion, ovary and testes, increase at the expense of the muscles. 
Mieschert a^t the same time called attention to the fact 
that during this period the globulins of the blood, which 
are so similar to those of muscle, increase in quantity, and 
the maximum of this increase was found to correspond to the 
period of maximum growth of the ovary. 

E. Tiegel § found in the blood-serum of snakes, whose 
alimentary canal was empty, only globulin, and no albumen ; 
whereas in the blood of snakes whilst digesting, both varieties 
of proteid were constantly present. Burckhardt,|| Miescher's 

* GhoBsat, '*M^m. pr^sent^ a Tacad. dea Sciences de rinstitut do France : " 
1843; Bidder and Schmidt, ''Die Verdaaungssafte u. der Btoffweohsel," p. 827 : 
1852. 

t 0. Voit, Zeifschr.f. Bidlog., ▼ol. ii. p. 355 ; 186a 

X F. Miescher-RUsch, Slatiatitche u. hiologiseihe Beitrage ttur Kenntniss trom 
Ld)en de8 Bkeinlaeh969. Separatabdruok aus d. achweiz. Literatonammlang zor 
intemationalen FiflchereiansBtellnng in Berlin, 1880, p. 211. 

§ E. TiegeU Pfliiger'a Areh., bd. zxUi. p. 278 : 1880. 

II Borokhardt, Arch, f. exper, Paih^ bd. ztL p. 322 : 1883. The apparently 
contradictory reanlts of G. Salvioli are probably due to the fact that the period 
of starvation was very short in his experiments. Moreover, Salvioli used another 
method for separating the two proteids (Da Bois' Arok., p. 268 : 1881). 
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pupil, has shown that the globulins in t^e blood of starving 
animals are increased at the expense of the albumens. 

The conclusions of Danilewsky,* that the muscles of an 
animal which have the least work to do are richest in 
globulin, harmonize with these observations. It would appear 
that the muscles are not only organs of locomotion, bat also 
storehouses for proteid. When we consider that, in the case 
of pancreatic digestion, the globulins occur as a gradation 
between proteid and peptone, the inquiry suggests itself 
whether the globulins may not be the fiist products of the 
disintegration of proteid. The globulins appear to me to be 
the essential structural principles in protoplasm. In favour 
of this view is the fact that globulins occur in the ova of 
animals, and in the seeds and roots of plants (compare 
pp. 63, 54, and 62). Here we find them stored up in large 
quantity as formative material for the later growth of the 
embryo. 

The composition of ltmfh is qualitatively not different 
from that of plasma. Quantitively it is to be noted that 
lymph contains the same amount of the same salts as the 
plasma, but less proteid. The lymph obtained from different 
parts of the body likewise shows great variations in the 
amount of proteid. The same is true of the different patho- 
logical transudations; ascitic fluid, the fluid in the pleural 
cavity, pericardial fluid, dropsical effusions, the fluid of 
hydrocele, eerebro-spinal and hydrocephalic fluid, are all 
essentially nothing more than lymph, augmented by patho- 
logical processes. The amount of proteid in these fluids 
varies from 0*2 to 6 per cent.f The quantitative relation of 

* A. Danilewsky, ZeiUchr.f, phynci. Chem,^ toI. vii. p. 124 : 1882. 

t On the oomposition of the Ijmph and pathological tnin8ndatio&s in man 
and niammalB, see Soherer, " Chem. und micro. Untersuch. z. Path. n. 8. w.," 
pp. 106, H 8eq.: Heidelberg, 1848; G. Schmidt, "Gharaot. der epidem. Gholera 
gegen&ber Terwandten Transsndationsanomalien : " Leipzig, 1850 ; Hoppe- 
Seyler, Deut KUnik, No. 37 : 1853; Arch. Path, Anat., yoI. ix. p. 245 : 1856; 
Gabler et QueTenne, Giu. midie, de Faris^ Koa. 24, 27, 30, 34 : 1854 ; Hauaen und 
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the two proteids, globulins and albumens^ varies between as 
wide limits as in plasma. 

The result of all investigation up to the present time 
leads us to think that when blood, lymph, and chyle, or 
blood and a pathological transudation from the same in- 
dividual, are compared, the relation of two proteids to one 
another, in the blood-plasma and in the transudation, iff the 
same, whilst the total proteid may be very different.* 

That the chyle of fasting animals is nothing more than 
lymph, and that it only contains fat particles during diges- 
tion, has already been described (Lecture Xn.) . , 

Dsbnhardt, Yirchow's ArcK^ toI. zzzvii. pp. 55, 68 : 1866 ; Hengen, Fflager's 
Arch.y Yol. z. p. 94: 1875; O. Hammaraten, FOrenings fdrhandlingar Upsala 
Lakare, pp. 14, 33 : 1878. 

* 6. Salvioli, Du Boib' Arek., p. 268 : 1881 ; and F. Hoffmann, Arch, f. 
exper. Path. ti. PAartn., vol. zvL p. 133 : 1882. 
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LECTURE XIV. 

OASES OF THE BLOOD AND RESPIRATION— 'BEHAVIOUB OF OXTGEN IN 
THE PROCESSES OF EXTERNAL AND INTERNAL RESPIRATION. 

In out remarks on the composition of blood, no account has 
been given of its gaseous constituents. Three gases can be 
pumped out of blood : * oxygen, carbonic acid, and nitrogen. 

The amount of nitrogen is inconsiderable ; it does not occur 
here in larger quantities than it does in watery fluids which 
come into contact with atmospheric air. Nitrogen is simply 
absorbed by the blood,t and it appears to take no part in 
vital processes4 

* A diagram and description of the apparataa need for pumping oat the 
gasea — the gas-pnmp of Ludwig and of Pfliiger — are given in every text-book of 
general physiology. As I assume that all my readers possess snoh a work, I 
shall not describe it here. The original description and diagram of the gas-pnmp, 
with which most of the experiments on the blood-gases were carried out in 
Ludwig's laboratory, will be found in Alexander Schmidt's treatise in Beriehte 
Hber die Verhandh d, h. sSchsiBchen Ges. d. Wiwenwk, zu Leipzig, Math, physik. 
Classe, vol. xix. p. SO : 1867 ; and the description of the apparatus constructed 
by Geissler and Pfliiger in Pfl tiger's ** tJntersuchungen aus dem physiologisohen 
Laboratorium zu Bonn," p. 183 : Berlin, 1865. For the methods of gas-analysis, 
vide Bunsen, '^Gasometrisohe Methoden," Braunschweig, 2nd. edit. : 1877; and 
J. Geppert, ** Die Gasanalyse und ihre physiologische Anwendnng nach verbes- 
serten Methoden : " Berlin^ 1866. 

t A knowledge of the laws that govern the absorption of gases is essential for 
the comprehension of the respiratory processes. The beginner who is not 
thoroughly conversant With Dalton's law, the meaning of coefficient of absorption, 
partial pressure, eta, must study a text-book of physios before proceeding with 
this and the following lectures. 

X The theory that a small part of the nitrogen issues as a free element from 
the decomposition and oxidation of the nitrogenoas food-stuffs in the animal bodyt 
has been upheld by some until quite recently, but has never been confirmed by 
accoiate experiment For this tedious contest, vide Pettenkofer and Volt, 
ZeiUekr,f. Bidog,^ Tol. xvi. p. 508 : 1880 ; 8eegen and Korwak, PflUger's Anik 
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The two other gases, on the other hand, are of great 
physiological importance: oxygen is, as we have seen, an 
essential food-stuff, the most potent source of energy ; car* 
bonio acid is one of the ultimate products of tissue-change, 
the compound in which the bulk of the caxbon leaves the 
animal body. 

The absorption of oxygen and the excretion of carbonic 
acid take place among the lower animals oyer the whole 
surface of the body ; among the higher animals, principally 
or exclusiyely in differentiated organs, such as lungs, gills, 
and trachese. This process is termed external, as distin- 
guished from internal, respiration, which last term we apply 
to the consumption of oxygen and the formation of carbonic 
acid in the tissues. A few authors understand by this latter 
term, however, only the physical process of the interchange 
of gases through the walls of the blood-capillaries (the dif- 
fusion of carbonic acid from the tissues into the blood, and 
of oxygen from the blood into the tissues), and not the 
chemical processes of oxidation, of the assimilation of oxygen 
and the formation of carbonic acid in the tissues. Yenous 
blood is rendered arterial by the process of external re- 
spiration; arterial blood venous by that of internal respi- 
ration. 

As the skin and the lungs are also tissues requiring 
oxygen for the performance of their functions, the process 
of internal respiration goes on at the same time along with 
that of external respiration — ^the latter preponderating in the 
lung. For this reason the pulmonary vein carries arterial 
blood to the heart. The former process preponderates in 
the skin of most animals, and the blood contained in the 
cutaneous veins is therefore venous. 

We will now consider more closely the behaviour of the 

▼ol ZXT. p. 883: 1881; Hans Leo, Pfluger's Areh., vol. xxvl p. 218: 1881; 
J/Beiset, Compl, rend., vol. xovi p. 549 : 1883. Tho earlier literature ia quoted 
in theae works. 
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oxygen and carbonic acid in the processes of external and 
internal respiration. Let ns first take oxraEN. 

Arterial dog's blood, which has served for most of the 
analyses on the gases of blood,* contains in 100 vols, from 19 
to 25 vols, of oxygen, computed at 0° C, and 760 mms. mer- 
curial pressure. The amount of oxygen in the arterial blood of 
herbivora (sheep, rabbit) is found to be smaller, viz. from 
10 to 15 per cent, of volume.f 

This amount of oxygen is far too large to remain merely 
absorbed in the blood. One hundred volumes of water absorb 
4 vols, of oxygen at 0° C. from an atmosphere of pure 
oxygen, and from the ordinary atmosphere, in which the 
tension of the oxygen is five times less, it would therefore 
absorb less than 1 vol. of oxygen, and at the temperature 
of the body even less still. Watery solutions also absorb 
less than pure water ; a large proportion of the 10 to 25 vols, 
of oxygen in arterial blood must therefore be chemically 
combined.it ^^ know, in fact, that it is the haemoglobin 
which serves for this loose combination. § This is shown by 
the fact that a pure solution of hsBmoglobin, containing the 
same amount of haamogbbin as the blood, combines with as 
much oxygen and gives off as much in vacuo as the blood 
does. The larger proportion of oxygen in dog's blood than 
in the blood of herbivora is explained by the fact that the 
former is endowed with a larger amount of blood-corpuscles 
and of hsBmoglobin. The amount of haemoglobin, and there- 
fore of oxjgea, is much less considerable in the blood of cold- 
blooded than in that of warm-blooded animals. 

* PflOger, CentraSb, f. d. med, Wisseiuch., p. 722 : 1867; and PflUger's Arch,^ 
vol. i p. 288: 1868. The previous analyses are also given here. 

t Scielkow, Du Bois' Arch., p. 516; 1864; Preyer, Wiener med, Jiahrher.^ 
p. 145: 1865; Fr. Walter, Arch.f, exper. Path, u, Pharm.t vol vii. p. 148 : 1877. 

^ liehig in bis Ann. d. Chem. u, Pharm^i vol. Ixxix. p. 112: 1851 ; Lotbar 
Meyer, ''Die Gase des Blntes," Dissert: Gottingen, 1857; also Henle and 
PfeuTer'ii JSWtwkr. /. rOL Med. N. F., vol. xviii. p. 256 : 1857. 

§ Hoppe-Seyler, Areh. f.lp<ah. Anai., vol. zziz. p. 598: 1864; and Med. 
ebem. UmterB., p. l^l : 1867. 
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The compoimd of oxygen with haBmoglobin, or "oxy- 
haBmoglobin/* is well known to be of a lighter colour than 
reduced hsamoglobin^ and shows different lines of absorp- 
tion in the spectrum. The bright red colouring of arterial, 
and the dark red tint of venous, blood depend upon this 
fact. 

If oxygen is chemicaUy combined with hemoglobin, we 
should anticipate that there is a simple relation between 
their equivalents. It would be interesting to ascertain how 
many atoms of oxygen go to one atom of iron. The analyses 
made up to the present time are not exact enough for this 
purpose; they show, however, that about 2 or 8 atoms of 
oxygen correspond to 1 atom of iron.* The figures, so far, 
only demonstrate that there is at least four times as much 
oxygen taken up in the transition of hsemoglobin into 
oxyhsemoglobin, as there is in the transition from suboxide to 
oxide of iron, or from ferrocyanide to ferricyanide of potassium. 
Possibly the sulphur of the hsemoglobin also plays a part 
in the loose oxygen compound, and a similar part may be 
assigned to the sulphur atoms in all proteids (compare p. 24). 
It is noteworthy that, according to previous analyses, the 
animals that require more oxygen (compare Lecture XIX.) 
have Ukewise more sulphur in their hfemoglobin. Four 
atoms of sulphur in the hemoglobin of the horse, six in that 
of the dog, and nine in that of the hen, go to two atoms of 
iron.t Is this an accidental correspondence ? 

The oxygen in loose combination with the hsamoglobin 
may be displaced by an equal volume of carbonic oxide,^ or of 



• HUftier, Zeit9chr. f. phynol, Cham,^ vol. L pp. 317, 386 : 1877 ; vol iiL p. 1 : 
1880. John Marshall, Zeittehr.f. phytiol. ChenUj vol. vii p. 81 : 1883. H&fner, 
ZeiUehr. f. phytioh Chem., vol. viii. p. 358 : 1884. The previous estiinates are 
quoted here. Compare also Hoppe-Seyler, ibid., vol. ziii. p. 477 : 1889. 

t A. Jaquet, '' Beitr. zar Kenntniss dea Blutfarbstofies," Dissert : Basel. 1889. 

X 01. Bernard, ** Le9onB snr les effets dee subetanoea toxiqnes," etc. : Paris, 
1857; Hoppe-Seyler, Yirchow's ilreft., vol xi p. 288: 1857; and vol xzix. pp. 
233, 597: 1863: Lothar Meyer, ^'De Sangaine oxydocarbonico infecto,** Disaert. 

8 
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nitric oxide,* a fact which likewise speaks for the chemical 
union of the oxygen. 

It may be objected that the oxyhsBmoglobin combination 
could hardly be destroyed by a mere vacuum, if it were really 
a chemical compound. Bui, as a matter of fact, it is not the 
•I vacuum which splits up the oxyhsamoglobin, but the heat. 
A solution of oxyhsdmoglobin may be evaporated to dryness 
at a very low temperature, i.e. below (f C, in vacuo ; the 
oxyhaBmoglobin crystals are not affected. The higher the 
temperature, the greater must be the pressure of oxygen 
in order to counterbalance the dissociating force of heat. 
The afi^ty of a substance increases in proportion to the 
number of atoms which co-operate in the attraction, or in 
proportion to the number of atoms in the unit of volume. 
This phenomenon is called the influence of mass f {vide supra, 
p. 162). Two antagonistic forces are at work in the formation 
and decomposition of oxyhsBmoglobin: heat endeavours to 
separate, chemical a£B[nity seeks to unite. Affinity increases 
with the influence of mass, with the density, with the partial 
pressure of the oxygen. The vacuum, therefore, only acts by 
reducing the mass-influence of the oxygen to a minimum, 
and thus enabling the antagonistic heat to attain supremacy. 
I may here remind my readers of an analogous pheno- 
menon well known in inorganic chemistry. When chalk is 
burnt, the carbonic acid is separated from the lime by heat. 
But this separation does not take place in an atmosphere of 
pure carbonic acid ; on the contrary, quicklime unites with 

YratislftTiffi: 1858; Hoppe-Sejler, ir«i ehem. UfUers.,p. 201: 1867; ZeiUchr, f. 
phyiiol. Chem.^ vol. i. p. 131 : 1877 ; John Manhall, Zeittchr. f. phynol. Chem., 
vol. vii. p. 81 : 1883; R. Ktilz, ibicL, p. 384; G. Hiifiier. Joum. /. prakt, Chem. 
N. F., vol. XXX. p. 67 : 1884. 

* L. Hennann. Du Bois' Arch.^ p. 469: 1865; Hoppe-Seyler, MedL eft«m. 
UfUen., p. 204 : 1867 ; W. Preyer, *' Die BlatkrystaUe," p. 144 : Jena, 1871 ; 
Podolinaki, Pfltiger'e Arch,^ vol. vi. p. 553 : 1872. 

t For the explanation of the phenomenon oif the inflnence of masa, afforded 
by the mechanical theory of heat, see Lothar Meyer, *'I>ie modemea Theorien 
der Ohemie," 5th edit. p. 479 : Breslao, 1884. 
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GO2 at a high temperature, if the partial pressure of the 
carbonic acid be sufficient. If the carbonate of lime is to be 
rapidly converted into quicklime, a stream of another gas 
must be passed oyer it, so as to reduce the partial pressure 
of the carbonic acid. The same thing takes place in the 
relation of bsemoglobin to oxygen. In the alveoli of the 
lungs, where the partial pressure of the oxygen is consider- 
able, the haemoglobin is completely or very nearly saturated 
with oxygen. In the capillaries of the tissues, where the 
oxygen that has been simply absorbed diffuses itself or S 
enters into combination with reducing substances, so that ( 
the partial pressure diminishes, a portion of the combined 
oxygen is at once set free by the liberating force of heat, 
and the partial pressure of the oxygen rises again till it 
balances the effect of the heat. In this way, the red blood- 
corpuscle is always surrounded by oxygen under a definite 
pressure. 

This arrangement serves a double purpose. Firstly, there 
is far more oxygen brought to each tissue by the blood-current 
in a definite period than would be possible by simple absorp- 
tion of the oxygen without chemical combination. The 
processes of oxidation might go on much more rapidly, and 
yet there would not be a scarcity of oxygen. The amount of 
oxygen in the plasma is very little less when the oxygen is 
lavishly used up than when it is economically expended. The 
store of oxygen in the capillaries is never exhausted under 
normal conditions. In venous blood, at least 5 per cent, by 
volume of oxygen is always found, and generally far more. 
Only in the blood of asphyxiated persons does the oxygen 
almost entirely disappear.* 

Secondly, the chemical combination of oxygen offers the 
great advantage that the intensity of the processes of oxida- 
tion is, to a great extent, independent of the pressure of the 

* K. Stroganow, PflUger*8 Arch., vol. zii. p. 22 : 1876. The previous experi- 
ments on the blood of asphyxiated individaals are quoted here. 
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oxygen in the surrounding media. Direct experiment has 
shown that the pressure of the oxygen in the surrounding 
atmosphere may increase threefold or diminish to one-half 
-without any disturbance being manifested in the breathing 
of a mammal.* 

When the partial pressure is reduced still further, the 
frequency of respiration increases; and when it sinks to 
3*5 per cent, of an atmosphere, the animals die.t 

Fraenkel and Geppart X allowed dogs to breathe rarified 
atmospheric air, and analyzed the gases of their arterial blood. 
They found that when the pressure of air sank to 410 mms. 
of mercurial pressure, the normal amount of oxygen was 
retained in the arterial blood. If the pressure of air sank 
to between 878 and 865 mms. of mercurial pressure, or to 
half of an atmosphere, the amount of oxygen in the arterial 
blood was somewhat diminished. But it was not imtil the 
atmospheric pressure sank below 800 mms. that a consider- 
able decrease of oxygen was observed. 

The partial pressure of oxygen might a priori have been 
thought to exercise a much slighter influence than we have 
shown it to possess; for, according to the experiments of 
Worm Muller,§ the blood outside the body becomes almost 
completely saturated with oxygen on being shaken with 
atmospheric air of only 75 mms. of mercurial pressure. But 
these experiments were carried out at the temperature of the 
room. At the temperature of the body, decomposition of the 
oxyhemoglobin begins at a higher partial pressure, as Paul 

* Wilh. MOUer, Ann, d. Chem. u, I^harm^j vol. oviii. p. 257: 1858. Fbul 
Bert, ** La preasion barom^triqne : " Faria, 1878. A. Fraenkel and J. Geppert, 
"Ueber die Wirknngen der yerdannten Lnft anf den OrganiBmus : " Berlin, 
Hirechwald, 1883. VitU also L. de Saint Martin, CompL rend., vol. zoviiL p. 241 : 
1884 : and S. Lukjanow, Zeitichr./. phynol, Chem., vol. viiL p. 813 : 1884. 

t N. BtroganoWi Pfluger's Arch., voL xii. p. 31 : 1876. An acconnt of former 
work IB given here. 

X Fraenkel and Geppert, loo. eit., p. 47. The experiments similar to those 
of Paul Bert are also critically discassed here. 

§ Worm Muller, Ber. d. tUchs. Qe%., vol. zzii. p. 851 : 1870. 
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Bert * and Fraenkel and Geppert f have shown. And, besideB^ 
it must be remembered that, in the lungs, oxygen at a low 
tension cannot be diffused through the walls of the alveoli 
rapidly enough to saturate each blood-corpuscle during its 
short transit through the capillaries. 

The experience obtained in mountain and balloon ascents 
is in complete harmony with the results of the experiments 
on animals4 Beal dyspnoea does not begin till a height of 
5000 ms. is reached, which corresponds to a mercurial pres- 
sure of 400 mms. Human beings and animals live as well 
on the high plateaus of the Andes, at 4000 ms. above the 
surface of the sea, as on the sea-coast. 

We must now ask in what organs and tissues of our bodies 
the oxygen gets used up. - 

Lavoisier, who first recognized the importance of oxygen 
in vital processes, thought that combustion occurred exclu- 
sively in the lung. It was not until Magnus § had analyzed 
the gases of the blood that it was proved that oxygen 
passes on to the capillaries, and there partially disappears. 
But the question as to whether the processes of oxidation 
are completed only within the closed blood - current, or 
whether free oxygen is diffused through the walls of the 
capillaries into the tissues, has not yet been decided. 

The former theory, i.e. that the oxygen is consumed 
within the blood-vessels, has found supporters even up to 
the present time. The most obvious objection to it is, 
that kinetic energy is liberated in the tissues, and particu- 
larly in the muscles, and that the most fertile source of 
energy lies in the affinity of oxygen for the substances of 
nutrition. But, on the other hand, we know that there is 
stored up in food a considerable amount of chemical poten* 

* Paul Bert. loe. eit., p. 691. 
t Fnenkel and Geppert, loc, eU,^ p. 57. 

X Panl Bert, loc. eit., gives an interoBting acoonnt of these experiencesw 
§ O. Magnus, Ann d, Phywik., vol zL p. 583: 1837; and vol. UW. p. 177: 
1845. 
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tial energy, which is converted into kinetic energy by the 
mere decomposition of the food-stuffs, withont any oxida- 
tion taking place (compare Lectures X. and XIX.) • The 
amount of this potential energy is not exactly known; it 
must be admitted that it may be sufficient to perform the 
work of muscle, and that the products of decomposition thus 
formed may diffuse into the capillaries, to be there oxidized, 
and then to serve as sources of bodily heat. 

This view appeared to receive confirmation from the fol- 
lowing experiment of Ludwig and Alexander Schmidt.* It 
has already been mentioned that the blood of animals which 
have died from suffocation contains only traces of oxygen, and 
sometimes none at all. If oxygen be added to such blood out- 
side the body, a part of the oxygen thus artificially introduced 
rapidly disappears, and the carbonic acid is increased. The 
blood from asphyxiated animals contains substances that are 
readily oxidized. The blood of other animals also combines 
with some oxygen outside the body,t but the amount is much 
less, and disappears much more slowly than in the case of 
the blood from asphyxiated animals4 Ludwig and Alexander 
Schmidt explain these facts thus : under normal conditions, 
readily oxidized compounds are continually finding their 
way from the tissues into the capillaries, where they are 
immediately decomposed by the free oxygen, so that they 
cannot be traced in normal blood. In asphyxiated animals, 
on the other hand, they remain stored up in the blood in 
consequence of the absence of oxygen. According to the laws 
which govern the diffusion of gases, we should expect to find 
that the oxygen in the blood would penetrate the liquids of 
all the tissues. It is, however, conceivable that the oxygen 
may be hindered from doing so by the reducing substances, 

* Alex. Schmidt, Ber. Hber die Verhandl, der sSch*. QeB, der Wis^ensch. zu 
Leipzig, Math. phys. Claase, rol. zix. p. 99: 1867. Vide also N. Stroganow, 
Pfliiger'a Arch., vol. xii. p. 41 : 1876. 

t Pflliger, Centralh,/, d. med. Wiasemch., pp. 321, 722 ; 1867. 

X Alex, Schmidt, loo, ctf., p. 108. 
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which, flowing unintermittently from the tissnes into the 
blood, meet the oxygen on its way and prevent its advance 
beyond the capillary wall. 

The opposite view, that oxidation takes place in the other 
tissues as well,* rests npon the following facts of comparative 
physiology.! It is well known that nearly all the lower 
animals which have no blood, die at once without oxygen, 
and that this source of energy is indispensable to every cell 4 
The vegetable cell has likewise essentially the same meta- 
bolism, and cannot live without free oxygen {vide p. 44). The 
higher animals, with a differentiated system of blood-vessels, 
require oxygen in the first stages of existence, even before the 
formation of blood-corpuscles, as the respiration of a bird's 
egg shows.§ 

Nevertheless, we cannot admit that these facts afford 
indubitable proof of respiration in the tissues of the higher 
animals when fully developed ; for the essence of the higher 
organization consists in the fact that there is, synchronous 
with the differentiation of the tissues and organs, a division 
of labour. It is quite conceivable that decomposition and 
oxidation may take place in the same cell among the lower 
animals only, and that in the more highly organized ones the 
duty of oxidation is exclusively relegated to the blood, the 
processes of decomposition going on in the other tissues. 

But it can be shown that oxidation also occurs in the 



* The first decided advocate of this view was, so far as I know, Moritz 
Tranbe, Virohow's Arch,, vol. xxi. p. 386: 1861. 

t PflUger, in his Areh^ vol. x. p. 270: 1875. 

$ It is still a matter of ooDtrover8y whether certain organisms of the lowest 
kind — yeast-ceUs, certain bacteria— can live entirely without free uxygeu, "an»- 
robic." It appears^ however, that this question may now be answered in the 
a0irmative. Vide J. W. Gunning, Joum, f. prahU Chem., vol. xvL p. 814: 1877 ; 
voL xvii. p. 266 : 1878 ; and vol. xx. p. ^M : 1879 ; Nencki, Joum. f. prakL Chem.^ 
voL xix. p. 3S7 : 1879 ; Br. Lachowicz nnd Nencki, Pflfiger^s Jrc/*., vol. xx^iii. 
p. 1 : 1883; and Nencki, Pfluger's Areh., vol. xxxiii. p. 10 : 1883. Compare also 
6. Bunge, **Ueber das Sauerstoffbediirfniss der Darmparasiten," Zeitschr. /. 
phtftid, Chmk., vol. viii. p. 48 : 1883. 

§ J. Baumg&rtner, ''Der Athmnngsprooess im Ei," Freiburg i. B. : 1861. 
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tissues of insects^ which possess a vascular system, although 
not so highly developed as the vertebrata. This is proved by 
the fact that the finest branches of a trachea run down as far 
as the individual cells of the tissue.* The observations made 
by Max Schultzef on the Lampyris splendidvla are particularly 
conclusive. In the glow organs of this animal certain cells 
adhere to the tracheal endings, ''like the flowerets of an 
umbelliferous plant." These cells, as well as the tracheal 
endings, stain a deep black with osmic acid, owing to the 
separation of the metallic osmium; consequently there is 
present in these cells a substance with a powerful attraction 
for oxygen. It may, therefore, readily be supposed that this 
substance, by combining with the oxygen introduced through 
the trachea, brings about the development of light. The 
illuminating power of the two glow organs continues after 
they have been isolated, and even after a microscopic section 
has been made. Max Schultze observed under the microscope 
that '' with the rhythmic increase and diminution of the 
light, which these animals generally exhibit distinctly, the 
first appearance of the light is characterized by minute 
coruscations in the glow organ, which correspond in number 
and arrangement to the terminal cells of the trachea/* 
When the oxygen is withdrawn, the illuminating ppwer 
ceases4 Max Schultze also remarks that the tracheal ter- 
minations in other organs, as well as those in the glow 
organs, are rapidly stained black if the animals be placed 
alive in osmic acid. 

* Kupffer, ''Beitrage zar Anatomie trnd Physiologie, als Festgabe G. 
Lad wig gewidmet von seinen Bchttlera," p. 67 : 1875 ; Finkler, Pfluger'B Atth,^ 
▼ol. z. p. 273: 1875. 

t IkKaz Schultze, Ardi. f, nUk, Anat,, vol. i. p. 124 : 1865. 

X An interesting account of the numerous observations on the illuminating 
power of various animals, and on the way in which it depends upon oxygen, is 
given by Milne Edwards, ** L«90ds but la physiologic et Tanatomie compart" 
voL viii. pp. 93-120: Paris, 1863; and by Pfltiger, in his Arch, /. d. gas. Phys., 
vol. X. pp. 275-300: 1875. For the experiments on the chemical side, vide 
Radziszewski, Ber. d. deui. eheni. Gei., vol. xvL p. 597 : 1 883, where the previous 
writings on thie subject are quoted. 
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In view of these facis^ it cannot be doubted that free 
oxygen is used up in the tissues of insects. A critical observer 
wUl nevertheless hesitate before applying these results to the 
vertebrata. In the case of the latter, it is only in the placenta 
of mammals and in the salivary glands that tlie oxygen has 
been definitely proved to make its way out through the 
capillary walls. 

The blood of the umbilical vein is of a brighter red than 
that of the umbilical arteries, and oxyhsBmoglobin can be 
traced in the former by the spectroscope.* It is well known 
that the blood-vessels of the mother and of the embryo do not 
communicate in the placenta; they form two separate capillary 
systems. The oxygen must, therefore, be first diffused 
through the capillary walls of the mother's vascular system, 
and then through those of the foBtus, before reaching the 
blood of the latter. 

That oxygen passes through the capillary wall in the 
salivary glands is apparent, for the simple reason that the 
saliva contains free oxygen. So large an amount of oxygen 
passes out of the blood, therefore, that the cells of the 
glandular tissue cannot consume it, and the excess escapes 
with the secretion. Ffliigert ascertained the presence of 
absorbed oxygen in the submaxillary secretion with the aid 
of the gas-pump ; he found that it amounted from 0*4 to 0*6 
per cent, of the volume of the saliva. This fact was confirmed 
by Hoppe-Seyler, who used a very sensitive test for free oxygen, 
a haemoglobin solution, which, on coming into contact with 
fluids containing oxygen, at once shows the absorption-bands 
characteristic of oxyhsDmoglobin.f Hoppe-Seyler found that 

 Zweifel, Arch, f GynSkologie, toI. ix. p. 291 : 1876 ; Zuntz, Pflfiger'a Arch., 
vol. xiv. p. 605: 1877. 

t Pfiuger, in his Arch., yoI. i. p. 686 : 1868. 

i Hoppe-Seyler, Zeit$chr, f. pkynol. Chem., toI. i p. 135: 1877. The appa- 
ratus used by him to admit of the action of the hemoglobin solution on the 
secretion, without coming in contact with the atmospheric air, is described 
here. 
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the secretions of both the sabmaxiUary and of the parotid 
contained oxygen. 

Hoppe-Seyler, on the other hand, could detect no trace of 
oxygen in the bile and urine with the aid of his sensitive 
reagent.* Nor has any free oxygen hitherto been indubitably 
found in lymph. Free oxygen has, therefore, not been proved 
with certainty to exist in most organs of vertebrata. 

Ffliiger and Oertmann f founded their proof on the following 
experiment. They showed that a frog, in whose vascular 
system a solution of common salt circulated instead of blood, 
used up as much oxygen, and produced as much carbonic 
acid in an atmosphere of pure oxygen, as a normal frog would 
do. A delicate canula is tied into the central end of the 
abdominal vein| of a frog, and a 0*75 per cent, solution of 
salt injected in a centripetal direction, until increasingly 
diluted blood, and finally pure salt solution, flowed from the 
peripheral opening of the vein.§ Frogs thus treated generally 
lived one or two days. If such frogs were introduced into an 
atmosphere of pure oxygen, they consumed as much oxygen 
and developed as much carbonic acid in from ten to twenty 
hours as a normal animal. Oertman concluded from this 
experiment that oxidation proceeded only in the tissues, 
because t]iey alone used up as much oxygen as the tissues 
and the blood together. But this is not a necessary conclusion. 
The facts may equally well be interpreted in support of the 
opposite view. It might be argued in this case that, again, 
only processes of decomposition had taken place in the tissues 

 The traces of oxygen which Pflttger (Areh.^ vol. \l p. ]56 : 1869) found in 
the gases that were pumped out of the urine, milk, and bile, were probably ox)ly 
due to the unaYoidable impregnation with atmospiierio air. 

t E. Oertmann, PflUger's Arcfk, vol. xv. p. 381 : 1877. 

X The work of Alex. Ecker, ** Die Anatomie dee Frosches," Yieweg and Sohn, 
1864-1882 (translated into English by 6. Haslam, Foreign Biological Memoirs : 
Claiendon Press, Oxford), will serve to acquaint the reader with the anatomy of 
the frog. It is plentifully supplied with illustrations, and contains a complete 
account of the literature of the subject 

§ This method of obtaining frogs free from blood was first introduced by 
Cohnheim (Virchow's Arch., vol. xlv. p. 333: 1869). 
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of the *' salt-frog ; " that the products of decomposition had 
been diffused through the capillary wall into the solution of 
salt containing oxygen, and had been oxidized within the 
closed vascular system. The partial pressure of the oxygen, 
being five times greater than normal, had made up for the 
want of haemoglobin. 

To conclude this subject, we may state the following 
very interesting fact, ascertained by Ludwig and his pupils, 
Afonassiew * found that the reducing substances of the blood 
from asphyxiated animals occur only in the blood-corpuscles, 
and not in the serum ; and Tschiriew f found that the lymph 
of such animals is also free from these substances. 

It thus appears that the blood is only concerned in pro- 
cesses of oxidation in so far as living cells are suspended in 
it ; that all oxidations in our body proceed exclusively in the 
active elements of the tissues, in the cells and the products of 
their metamorphosis, but not in the fluids surrounding them. 

This theory is rendered so probable by all the facts and 
analogies of the case, that it is accepted by every physiologist. 

We have now to consider how the rapid and complete 
oxidation of the nutritive substances in our tissues is to be 
explained. The food eaten at the most abundant meal 
becomes, before six hours have elapsed, nearly all converted, 
by oxidation, into the ultimate products, carbonic acid, water, 
and urea; whereas proteid, fats, and carbohydrates are not 
affected by oxygen external to, and at the temperature of, 
the body. Other conditions favourable to oxidation must, 
therefore, be present in the body. 

The most obvious suggestion was, that the alkalinity of 
the blood, of lymph, and of protoplasm had something to do 
with the matter. It is known that the oxidation of organic 
substances proceeds more rapidly in an alkaline than in a 
neutral or acid solution; I may remind my readers of the 

* N. Afonassiew, Ber, d. BSchs. Oes. d, WisaenMh., vol. xxiv. p. 233 : 1872. 
t S. Tschiriew, ibid., vol. xxvi. p. 116: 1874. 
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behaviour of pyrogallol — and, indeed, of all polyatomic phenols 
— of the leuco-compounds of numerous colouring matters, of 
grape-sugar, etc. The latter, dissolved in soda, absorbs 
oxygen rapidly at the temperature of the body. But it must 
be remembered that for this purpose free alkali is necessary, 
whereas our tissues only contain carbonates, or possibly bioar- 
bonates of the alkalies^ as free carbonic acid penetrates all 
tissue elements. 

Nencki and Sieber * have indeed shown that dilute solu- 
tions of sodium carbonate and grape-sugar, or proteid, also 
absorb oxygen. But the amount absorbed is small, and the 
absorption takes place very slowly. Additional factors must 
therefore be at work in our tissues. 

Becourse has, therefore, been had to the assumption that 

a portion of the inspired oxygen is converted in our tissues 

into that powerful oxidizing modification termed ozone. Even 

, Sch6nbein,t the discoverer of ozone, mentioned this hypothesis. 

What, therefore, is known concerning ozone ? 

If the, electrical induction-current be allowed to pass 
through oxygen-gas, condensation takes place, and the oxygen 
now contains ozone. A small part only of the oxygen — at 
most 5 per cent. — ^is converted into ozone. The volume of the 
ozone amounts to only two-thirds of that of the oxygen, from 
which it was formed. Soret^ has ascertained this in the 
following manner. Oil of turpentine absorbs only the ozone 
from oxygen containing ozone, the amount of which is ascer- 
tained from ttie diminution of volume. If a sample of this 
oxygen containing ozone be heated, the ozone is destroyed, 
and the volume increases. This increase of volume is always 
half as much as the diminution of volume by absorption. 

'♦ Nencki and Sieber, Jowm, /. prakt, Cfiem., vol. xxvi. p. 1 : 1882. Compare 
also Schmiedeberg, Arcih* /. exper. Path, u. Phann.i vol. xtv. pp. 291-295 : 1881 ; 
and Salkowski, ZeiUehr, f. physioL Chem., vol. vii. p. 115: 1882. 

t Schonbein, PoggendorflTs Annal.,, vol. Ixv. p. 171 : 1845. 

X Soret, Ann, Chem. Pharm., vol. cxzvii. p. 38 : 1863 ; vol. cxxx. p. 95 : 1863 : 
Suppl. V. p. 148 : 1867 ; dmj^. rend., t. Ivii. p. 604: 1863. 
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Therefore, on heating, one volume of ozone becomes one and 
a half volumes of oxygen, two volumes of ozone become three 
volumes of oxygen. It follows, both from this fact and from 
Avogadro's hypothesis (that equal volumes of gas contain an 
equal number of molecules), that ozone contains three atoms 
of oxygen in each molecule. Three oxygen molecules of two 
atoms each have produced two ozone molecules of three 
atoms. We may imagine that the two atoms in the oxygen 
molecule become separated from each other by the kinetic 
energy of the electric current, and each of them attaches 
itself loosely to an intact oxygen molecule. This third 
oxygen atom, thus loosely combined, has a strong affinity for 
oxidizable substances.* In fact, in oxidation by ozone, never 
more than a third of the weight of the ozone enters into 
combination, and no diminution of volume of the oxygen 
containing ozone occurs. 

This theory is also strictly in accordance with the fact 
that even at a low temperature ozone oxidizes substances 
which ordinary oxygen does not attack except at a high tem- 
perature. In the case of ordinary oxygen, the atoms must 
first be separated by the kinetic energy of heat. With ozone, 
this was done beforehand by the kinetic energy of the electric 
current. 

It is well known that ozone also arises as a by-product 
during the slow oxidation of phosphorus. An idea can be 
formed of this process by the following explanation : during 
the slow oxidation only one of the two atoms of the oxygen 
molecule enters into combination with the phosphorus ; and 
the other attaches itself to an undecomposed molecule of 
oxygen. 

It may be seen from the above that the third oxygen 
atom in the ozone molecule, which causes the powerful oxi- 
dations, can have no other property than that of nascent 
oxygen. In fact, it can be proved that wherever slow oxi- 

* OlauBioB, PoggendorifB Annal., toI. exxi. p. 250 : 186L 
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dation occurs, a part of the oxygen acqaires ** active qualities/' 
and acts in the same way as the ozone formed during slow 
oxidation of phosphorus. We cannot expect that ozone 
should be formed when oxidizable substances are present, 
as these fix the nascent oxygen atom before it can unite with 
a molecule of oxygen to form one of ozone. 

It is with such conditions that we have to deal in the 
organism, and for these reasons ozone is never formed in 
the body, though we meet with energetic processes of oxi- 
dation. A priori there is no point in trying to trace ozone 
in the animal body. Many litres of oxygen containing ozone 
might be introduced into the blood, and yet we could not 
pump out a single molecule of ozone. 

The following experiments show that some of the oxygen 
atoms attain "active properties" during slow oxidation by 
ordinary oxygen. 

If ammonia be present during the oxidation of pyrogallol 
in alkaline solution by atmospheric oxygen, it becomes oxi- 
dized into nitrous acid.* Peroxide of hydrogen is formed 
during the oxidation of benzaldehyde.f If metallic sodium 
be oxidized by air in the presence of petroleum-ether, the 
hydrocarbons, which compose the latter, are converted into 
the corresponding alcohols and acids4 

It is well known that benzol cannot be converted into 
phenol by the action of the ordinary oxidizing agents, but that 
it can by means of ozone.§ It can, however, be done by ordi- 
nary oxygen, if ferrous or cuprous sulphate are present. || 

* This experiment of Baamann^s was oommnnioated by Hoppe-Seyler, Ber, d 
defdsch, chem, Oes., toL xiL p. 1558 : 1879. 

t Radenowitsch, Ber. d. deut»eh. cihem. Oes^ p. 1208 : 1873. 

X Hoppe-Seyler, Ber, d, deutach. ehem, (Tes., vol. xii. pp. 1553, 1554 : 1879. 

§ Nencki and P. Giaoosa, ZeiUchr. f. physiol. Chem., vol. iv. p. 339 : 1880. 
Loeds (^Ber. d. deuUch. ehem. Oee^ vol. xiv. p. 975 : 1881) ooold not oonflrm 
this aooonnt; in his experiments, the benzol was oxidized into carbonic acid, 
oxalic acid, formic acid, and acetic acid. Bnt the conditions nnder which the 
experiments were carried oat differed in the two cases. 

1 Nencki and Sieber, Joitm./. praM, Okam., voL xxvi. pp. 24, 25 : 1882. 
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We must imagine that the suboxide fixes one of the two oxygen 
atomSy while the one set free oxidizes the benzol. 

Palladium-hydrogen has the same effect as the suboxide 
of iron or copper. Graham has shown that if palladium foil 
be employed as the negative electrode in the electrolysis of 
water, no hydrogen is deyeloped at this pole. The hydrogen 
unites with the palladium. The metal takes up nine hundred 
times its volume of the gas, while at the same time its own 
volume increases* This combination gradually liberates a 
part of the hydrogen; it behaves like nascent hydrogen. 
When, therefore, the palladium-hydrogen comes in contact 
with atmospheric oxygen, the hydrogen becomes oxidized, a 
part of the oxygen is rendered '^ active," and if benzol is 
present, it is converted into phenol, as it would be by ozone.* 

Nascent oxygen, as might d priori be assumed, acts as a 
more energetic oxidizer even than ozone. Ozone, for instance, 
cannot oxidize free nitrogen, any more than it can carbonic 
oxide. The nascent oxygen, on the other hand, arising from 
the action of palladium-hydrogen on ordinary oxygen, oxi- 
dizes freeOOQ^gdfC^o nitrous acid, and carbonic oxide to car- 
bonic acid.t 

If benzol is introduced into our body, it mostly reappears 
in the urine as phenoLt We may therefore assume that 
reducing substances also occur in our tissues, and 'play a part 

* Hoppe-Seyler, Zoittehr, f, phynoL Chem., rot iL p. 22: 1878; and vol. x. 
p. 85: 1886; Ber. d. deui9eh ehem, Om^ toI. xii. p. 1551: 1879; and toI. xvi. 
pp. 117, 1917: 1883. Oompare also Leeda, ibid., toL xiv. p. 975: 1881; and 
Moritz Txaabe, ibid., vol. xy. p. 659; toL xvi. pp. 123, 1201: 1888; and voL 
XTiii. pp. 1877-1900 : 1885 ; also Banmann and PieniM, ZeU9ehr. /. phyiiol 
Chmn.f vol. !▼. p. 453 : 1880 ; Nencki, Jburti. /. praki, Chem,^ yol. xxiiL p. 87 : 
1880 ; and Banmann, ZeUtor, /. phytiol, Chem,, vol. v. p. 244 : 1881 ; and Ber. d 
deuUeh. ehem, Qe§^ voL xvi p. 2146: 1883. Morito Traube has raued objections 
of considerable weight to the theory that oxygen is rendered aottve by reducing 
sabstances. I have given this theory in my account, but must expressly state 
that it may involve hypotheses and analogical inductions from facts which pos- 
sibly aie capable of a different interpretation. The reader may form his own 
judgment from the interesting and instructive works quoted above. 
. t Bamnann, ZeUtehr.f. phytioL Oftewi., vol. v. p. 244 : 1881. 

} Sohultsen and Naunyn, Roiohert and Du Bois* Arfsh,^ p. 349 : 1867. 
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similar to that taken by them in the above-mentioned experi- 
ments with palladium-hydrogen or the metallic suboxides. 
I have already stated (pp. 262^ 267) that such reducing 
substances are found in the blood of asphyxiated animals ; 
and they are, moreover, to be met with in aU tissues. 
Ehrlich* showed that blue colouring matters, as alizarin 
blue, indophenol blue, lose their colour in the tissues of 
living animals, and that the tissues turn blue again on 
contact with the air. We may assume that these readily 
oxidizable, reducing substances arise by fermentative action 
from the food-stufifs along with other products of decomposi- 
tion that are not readily oxidizable. But as soon as the 
readily oxidizable substances become oxidized by the inspired 
oxygen, a part of the oxygen attains ^* active " properties, and 
oxidizes those which are not readily oxidizable. 

That reducing substances do arise by fermentative action 
in the cells, may be seen in butyric acid fermentation. The 
hydrogen liberated in this process becomes oxidized by ordi- 
nary oxygen to form water. Hydrogen never proceeds from 
fermentative processes, if there has been a sufficient access of 
air.t This explains the absence of hydrogen in the atmo- 
sphere in spite of the extensive processes of fermentation 
going on aU over the surface of the earth. 

The formation of saltpetre shows us, moreover, in a 
very remarkable way, how processes of oxidation may go 
on in a most energetic manner at the same time as pro- 
cesses of decomposition, produced by putrefactive organisms. 
Nitrogen, which has but a slight affinity for oxygen, is raised 
to the highest stage of oxidation by the oxygen-atoms which 
are liberated during the oxidation of the reducing putrefactive 
products and which oxidize the ammonia resulting from 
the decomposition. Becent researches have proved that 

* p. Ebrlich, '*Das Sanerstoffbediirfhiss des Organtsmos : '' Berlin, 18S5. 
t Hoppe-Seyler, Pflttger'a Arch,, vol. xii. p. 16 : 1876 ; Zeitschr. f, phyuol. 
Chen., vol. viii. p. 214 : 1884. 
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certain living putrefactive organisms take an active part in 
the formation of saltpetre.* 

It is probable that all the cells in onr bodies have the 
same power as these nnicellular beings, these organisms 
associated with fermentation and decomposition. Bat we 
need not assume that the reducing substances formed by 
them are always the same. Hoppe-Seyler t is of opinion 
that hydrogen is liberated in the tissues of the animal body 
just as it is in certain unicellular putrefactive organisms; 
that the hydrogen cannot be detected in the tissues, is no 
argument against this view. But, however this may be, 
the nascent hydrogen need not be the only reducing substance 
by means of which active oxygen arises in our tissues. 
These reducing substances may be of very different kinds 
in the various cells ; they may even be numerous and change* 
able in the individual cell, according to the functions it is 
required to perform at a given moment.t 

The '' spontaneous combustion " of hay affords a striking 
example of the activity which oxidation of the organic food- 
stuffs may attain, when decomposition of the latter has 
previously set in. If hay is stacked before it is thoroughly 
dry, decomposition begins in the middle of the damp stack, 
through the action of organized or unorganized ferments. 
As all decomposition by ferments is accompanied by hydra- 
tion, drying is the best means of preventing it. Heat is 
liberated by the decomposition, and proportionately with the 
rise in temperature in the middle of the stack an ever- 
increasing accumulation of easily oxidizable decomposition- 
products is formed. If the hay be now disturbed so that 

* Hants et Sohloeing, Compt, rend^j t. Ixxziv. p. 801 : 1877 ; t. Ixxxy. p. 
1018 : 1877 ; t. Ixxxix. p. 891 : 1879 ; WarriagtoD, Chem, Nmo$y toL xxxvi. p. 
268 : 1877; vol. xxxix. p. 224 : 1879. 

t Hoppe-Seyler, Pfl&ger'B Arek., vol. xii. p. 16: 1876. Compare Nenoki, 
Joum, /. prakt. Chem.^ rol. xxiii. p. 87 : 1880 ; and Banmann, Zeitachr, f, pkytiol, 
Chem^ Tol. ▼. p. 244 : 1881. 

X Compare Br. Badziezewski, "Znr Theorie der PhosphoreaoenzerBcliei- 
nnng," Bar, d. deuttdi, ehmn, (?e«., toL xvL p. 597 : 1883. 
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there is free aocess of atmospheric oxygen to the internal 
parts of the stack, the whole hlazes up and is consamed. 

The rapid oxidation of food-stuffs which takes place in our 
tissues offers no mystery if the analogies that we have dwelt 
upon are taken into consideration. We must, however, not 
forget that the participation of active oxygen in the process is 
at present only an hypothesis, and that the facts are capable 
of another explanation. In this connection another hypothesis 
deserves mention, which was first started by Moritz Traube.* 
I refer to the idea that " oxygen-carriers '* are the active 
factors in the chemical processes of our body. By this term 
are meant substances which combine loosely with oxygen, 
and readily give it up to others which do not directly unite 
with oxygen. A well-known example of such an oxygen 
transport is seen in the part played by nitric oxide in the 
preparation of sulphuric acid. Sulphurous acid cannot unite 
with oxygen directly. But if nitric oxide be present, sul- 
phuric acid results ; for the former body forms a loose com- 
pound with oxygen, and gives up the oxygen to the sulphurous 
acid. A small quantity of nitric oxide is capable of convert- 
ing an unlimited quantity of sulphurous into sulphuric acid. 

A similar action to that of nitric oxide in the oxidation of 
sulphurous acid, is manifested by sulphindigotate of potassium 
in the oxidation of grape-sugar. If a solution of grape-sugar 
be heated, in the presence of air, with some carbonate of 
soda, only a very insignificant and unimportant absorption of 
oxygen takes place* But if sulphindigotate of potassium be 
present, it gives up its loosely combined atom of oxygen to the 
grape-sugar and becomes decolourized. On shaking up the 
solution with air, it again becomes blue ; the sulphindigotate 
of potassium has again taken up oxygen from the air. On 
letting the solution stand for a brief period, it again becomes 
decolourized. The blue colour only remains permanent at the 
surface, where the solution continues in constant contact with 

* H. Traabe <<Theorie der Fennentwirknngen : " Berlin, 1858, 
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the air. In this manner a small quantity of sulphindigotate 
of potassium is able to effect the oxidation of large quantities 
of grape-sugar, provided a free admission of atmospheric air 
be allowed. 

The same result can also be produced by cupric oxide. 
A blue ammoniacal solution of cupric oxide is decolourized 
when heated with grape-sugar. The cupric oxide is ifeduced 
to cuprous oxide ; it has given up one atom of oxygen to the 
grape-sugar. On shaking it up with air, it again becomes 
blue, and so on. The cuprous oxide here plays the same 
part as oxygen-carrier that the nitric oxide does in the 
formation of sulphuric acid. 

The oxidation of oxalic acid in the presence of a salt 
of iron affords another example^ Under the influence of 
light, oxalic acid is oxidized, carbonic acid is formed, while 
the ferric oxide is reduced ; the admission of air causes the 
ferrous oxide thus formed again to absorb oxygen ; and thus 
a small amount of ferric salt has the power of gradually 
causing the oxidation of a large quantity of oxalic acid** 

When we attempt to explain the rapid oxidation in the 
human body in an analogous manner, we are met with the 
difficulty that no oxygen-carrier can be detected. Hssmoglobin 
at first suggested itself, but direct experiment has shown 
that the oxygen which is loosefy attached to the oxyhsemo- 
globin produces no other oxidations than the ordinary 
molecular oxygen.f Moreover, it must be taken into con- 
sideration that oxidation occurs chiefly in tissues which 
contain no hasmoglobin. A part of the muscles forms an 
exception to this rule, but even these only contain traces of 
liSBmoglobin. The part played by hsBmoglobin in the blood 
consists merely in transporting the oxygen in a concentrated 
form through all the organs, and in giving up some wherever 
needed. In this sense, in fact, hsemoglobin may be regarded 

* Pfeffer, Unier$. au$ dem hotan^ IfuHiut zu Tiffnngen, vol i. p. 679: 1885. 
t Hoppe-Seyler, Med. ehem. UnUn., toI. i. p. 133 : 1866. 
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as an oxygen-oamery bat not in the sense of the oxygen- 
carriers in the four examples adduced. The latter also 
yield their oxygen to those substances which are not oxidized 
directly on coming into contact with the atmosphere, whereas 
the haemoglobin yields it oaily to those substances which have 
the power of fixing ordinary molecular oxygen. 

It would really be more reasonable to consider the ferric 
oxide as the oxygen-carrier in our tissues. Wherever proteid 
and nuclein are to be found, loosely combined ferric oxide is 
also to be met with. It must be remembered that in the con- 
version of ferrous into ferric oxide, two atoms of iron invari- 
ably combine with only one of oxygen ; that therefore a 
splitting up of the oxygen molecule must precede oxidation, 
and that the oxygen is not separated during reduction as 
molecular oxygen. On the other hand, it must be borne in 
mind that in the oxidation of oxalic acid, as in the example 
given, the transference of the oxygen by the ferrous oxide only 
occurs if the kinetic energy of sunlight co-operate simul- 
taneously. It would thus be necessary to assume that our 
tissues are endowed with an analogous kinetic energy. It is 
doubtful whether the heat of the body would be sufficient 
for this purpose. 

The theory that oxygen is active in the tissues has also 
been shown to be at variance with the fact that certain very 
readily oxidisjable substances remain whoUy or partially 
unaltered in their passage through the tissues of our body, 
such as pyrogallol,* pyrocatechin,t and phosphorus, t Car- 
bonic oxide,§ which is converted into carbonic acid by nascent 

* 01. Bernaid, ** Lemons stir lee propri^t^ phyBioIogiqnes, ptc., des liqnidea 
de I'orgaDisme," t. ii. p. 144 : 1859 ; Baamann and Herter, ZeitBohr, /. jpAymoJL 
A em., vol. i. p. 249: 1877. 

t Banmann and Herter, ibid., p. 249. 

X Hans Meyer, Areh, f. exper. Path. «. Pharm.t toL xiv. p. 329 : 1881. The 
previous literature on this sabjeot wiU be found quoted here. 

§ Gaetano Gaglio, ibid., yoL zxii. p. 236 : 1887. In Gaglio's experiments 
the carbonifi oxide was inspired. St. Zaleski (ibid., vol. xx. p. 84 : 1885) found 
that, after intraperitoneal injection of carbonic oxide blood, no carbonic oxidie 
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oxygen, and oxalic aeid, which is so readily oxidisable,* are 
quite unaltered in the organism. 

But these facts, too, may be explained in another way. 
Every molecule, while on its travels, does not necessarily 
reach that point where it would meet with nascent oxygen. 
It even appears a plausible assumption that substances 
which do not belong to normal nutrition, or sttch as are 
poisonous, do not reach those cells in which the most intense 
oxidation occurs, to constitute a source of energy for the per- 
formance of normal functions. These cells, like all others, 
make their choice; they work with definite material, and 
reject that which is likely to be injurious (compare pp. 6-^, 
108, 164, 174-176, and the beginning of Lecture XVIIO. 

Another explanation of the fact that pyrogallol and 
pyrocatechin do not become oxidised, is that they do not 
circulate 'in a free state through the body, but, like all 
hydroxyl derivatives of the aromatic hydrocarbons, ue. all 
phenols, combine with the sulphuric acid which arises from 
the decomposition of the albuminates in the tissues. The 
phenols play the same part here that the alcohols do in 
the formation of the sulphuric ethers. A union accompanied 
by dehydration takes place ; the sulphuric acid is converted 
from a dibasic into a monobasic acid, and reappears in the 
urine as an alkaline salt* 

These conjugated sulphuric acids were discovered by 
Baumann. He showed that the urine of herbivora always 
contains an abundance of phenolsulphate of potassium.f To^ 
gether with this another conjugated sulphuric acid occurs, in 
which the phenol is replaced by a methylated phenol called 
cresol,t and also sulphuric acid conjugated with pyrocate- 

was given out bj the Inngs. It thus appean that carbonic oxide, introduced in 
this wajr, becomes oxidized. 

« Gaglio, he. cU.^ p. 246. 

t Baumann, Pfliiger's Arch,, toL xii. p. 69 : 1876 ; and vol. xiii. p. 285 : 1876. 

t 0. Freusse, ZeiUohr. /. phy$ioL ChwL, yoL iL p. d55 : 1878 ; and Brieger, 
ibid^ Yoi. iv. p. 204 : 1880. 
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chin* and with indoxyl.f These combinations were also 
found to be invariably present in human tirine, and only 
absent in the orine of camivora if nothing but meat were 
eaten. 

It appears that sulphuric acid, which, being the extreme 
stage of oxidation of sulphur, is not capable of further oxida* 
tion, also protects the organic conjugate against oxidation, 
even if the latter belongs to the group of fats. Salkowski t 
found that ethylsulphuric acid, when given to a dog, passed 
unaltered into the urine. 

The question whether the nucleus of benzol is ever broken 
up by the decomposing and oxidizing agents occurring in our 
tissues, has not yet been settled. All aromatic compounds 
whose behaviour in the animal body has been examined in 
detail reappear in the urine as aromatic compounds, 
although mostly in an altered form. But the experiments 
have not been executed quantitatively. The possibility 
remains that at least a smaU part is decomposed. Outside 
the organism, benzol can be oxidized by the action of ozone 
at an ordinary temperature, and thus converted into car- 
bonic acid, oxalic acid, formic acid, acetic acid, and an 
amorphous black residue. § Should a really active oxygen be 
demonstrated as existing in our tissues, we might infer that 
a complete decomposition of the benzol also occurred in 
them. 

Phenol is oxidized and split up by permanganate of 
potassium in an alkaline solution, with the production of 
oxalic acid. This fact led Salkowski | to examine the blood 
of rabbits poisoned by phenol for oxalic acid. Oxalic acid 
was detected in two out of three cases, but not in the blood 
of two healthy rabbits. 

* Baumann, Pflilgei'B Areh,^ toI. xii. p. 63 : 1876. 

t Baumatin and L. Brieger, ZetUchr,/. physioL Chem., yo\, iii. p. 254 : 1879. 

i E. Salkowski, Pfliiger's Areh^ vol xii. p. 63: 1876. 

§ Leeds, Ber, d. deuttdi. cihem. Gm., toL xi?. p. 975 : 1881. 

tl Salkowski, Pflfiger's Arch,, toL ▼. p. 857 : 1872. 
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Experiments carried out by Tauber* and Auerbachf in 
Salkowski's laboratory showed equally that if phenol be 
giyen to dogs, only a part, varying from 80 to 70 per cent., 
according to the amonnt introduced, ever reappears in the 
urine and fsBces. But it should not be immediately assumed 
that the phenol which has disappeared, has undergone com- 
bustion. It is quite possible that the benzol was not de- 
stroyed, but that the phenol had passed into another aromatic 
compound. Schaffer X in fact found, in two experiments in 
which he estimated the amount of conjugated sulphuric acids, 
that these latter were increased after the addition of phenol, 
and in the exact ratio of the amount of phenol administered. 
No increase of oxalic acid in the urine could be detected in 
these experiments, nor in those of Tauber and Auerbach. The 
latter was not able to find any oxalic acid in the blood either. 

After Schotten § and Baumann || had introduced certain 
aromatic amido-acids, with three carbon atoms in the lateral 
series (tyrosin, phenylamidopropionic and amidocinnamic 
acids), into the organism of men, dogs, and rabbits, they 
could find no increase of any known aromatic compound in 
the urine. They hence concluded that these aromatic com- 
pounds had been completely oxidized.lT 

A sceptical observer may be inclined to doubt the correct- 
ness of this conclusion without further evidence. We are 
far from being acquainted with all the aromatic compounds 
which may occur in the urine. 

What is actually known concerning the changes which 
aromatic compounds undergo through oxidation in the animal 
body, is as follows. 

* Tauber, ZeiUehr.f. phytiol, Chem,^ vol ii p. 866 : 1878. 

t Auerbaoh, Yixohow's Areh^ voL Ixxvii. p. 226 : 1879. 

t Schaffer, Jimm./. prakL Chem, N. F^ ▼oL xviii. p. 282 : 1878. 

S Schotten, Zeiitchr.f. phftioL Oftam., voL tU. p. 28 : 1882; and rol tiii p. 
60: 1883. 

I Baumann, ibid., vol. x. p. 130 : 1886. Oompare also K. Baas, iUd., yoh 
zi. p. 485 : 1887. 

t Fuitf also Nenoki and P. GiaooM^ ibid., Tol. iy. p. 328 : 1880. 
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The hydrocarbons are hydroxylized, the benzol being 
converted into osiybenzol and dioxybenzol * — ^hydrochinon and 
pyrocatechin« Oxidation does not advance a step further; 
for, after the administration of a few milligrammes of dioxy- 
benzol (pyrocatechin), it reappears unaltered in the nrine.f 

If the aromatic combination introduced into the animal 
body has a lateral series belonging to the fat-group, it is 
in most cases attacked by oxygen.^ Thus toluol (CeHs— GH3), 
ethylbenzol (CeHs-CaH^), propylbenzol (CeHj-CaH,), ben- 
zylalcohol (CeHs— CHgOH), are all converted by oxidation 
into benzoic acid (G^aCOOH). On the contrary, phenylacetic 
acid (G«Hb-GH,-.GOOH) is not attacked by oxygen. The 
inoxidizable carboxyl group appears in this case to protect the 
adjoining carbon atom in the same way as we have seen happen 
in the inoxidizable sulphuric acid. Group GHa in phenyl- 
acetic acid is protected on one side by the indestructible 
benzol nucleus, on the other by carboxyl. But if more than 
one atom of carbon is inserted between the benzol nucleus 
and carboxyl, this protection does not suffice. Phenylpro- 
pionic acid (GeHj— GHa-GHa— GOOH) and cinnamic acid 
(G6H5-GB[ = GH— GOOH) are converted into benzoic acid 
(GsHsGOOH) by oxidation. If more than one lateral series 
be present of the benzol nucleus, only one of them is con- 
verted by oxidation into carboxyl. Thus the following 
changes are produced by oxidation : — 

Xylol, Ofi^ |qh» } is oonverted into 0,H4 {co6Hf ^^^7^^ '^^ 

fOH*) rCH, \ 

Megitylene, CeH, ^Ha V „ „ CeH,jCH, ^ mesitylenio aoid. 

Oymol, OeH^ 1^^} » " 0,H^ ^Q^g} omninie add. 

In the animal foody, many aromatic compounds enter into 

* Banmann nnd C. Prensse, Zeittekr.f, phyiiol. Chem.^ yoL iii. p. 1.56: 1S79. 
t De JoBge, ibid., toI. iii. p. 184 : 1879. 

X Sohaltzen and ]^aunyn,Beichert and Da BoisMro^, p. 349 : 1867; Kenoki 
and P. Giwxwa, Zeitiehr, f. phyHol. CA<m., yoL It. p. 325 : 1680. 
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« 

combination with members of the fat-gronp which are easily 
oxidizable, and protect these from oxidation. The best-known 
instance of this kind is the formation of hippnric acid from 
glycocoU and benzoic acid : 

CH3NH2 CeH5 CH2NH— CO— CgHg 

I +1 - I +B^0. 

COOH COOH COOH 

When no aromatic compounds are present in the animal 
hody, glycocoU undergoes complete oxidation, and is con- 
verted into carbonic acid, water, and urea (see Lecture XVI.) ; 
but, by uniting with the indestructible benzoic acid, it is 
protected against the influence of oxygen, and appears in the 
urine as hippuric acid (see Lecture XYI.). 

Schmiedeberg and his pupils * have observed an interesting 
synthetic process of this kind in which a product of the 
oxidation of sugar unites with an aromatic compound, and 
is thus protected against further decomposition and oxidation. 
If camphor (GioH]eO) be administered to a dog, this substance 
is hydroxyUzed in the same way as we have seen happen 
with regard to benzol; and oampherol [GioH]5(OH)0] is 
formed. But this product does not pass as such into the 
urine, but combined with glycuronic acid, with which it has 
united with dehydration. The formula of glycuronic acid is 
CeHioOf and, judging from all its properties and reactions, it 
must be regarded as a derivative of grape-sugar, and as a 
result of incipient oxidation. t If we break up the compound 
of campherol and glycuronic acid by boiling with dilute acids, 
the liberated glycuronic acid is rapidly decomposed ; it becomes 
brown, and carbonic acid is developed. It is difficult to obtain 
a satisfactory quantity undecomposed for analysis. The ease 
with which this acid is decomposed and oxidized explains 

* C Wiedemann, An^ /. expar. Path, u. Pharm,^ toI. ▼!. p. 230: 1877; 
Schmiedeberg and Hans Meyer, ZeUBohr.f, phynoL Chem,, toI. iii. p. 422 : 1879. 

t On the chemical properties of glyourouio add, vide H. Thierfelder, ibid:, 
ToLxLp.888: 1887. 
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why we do not meet with it in the normal metabolism of 
animals^. Here we find that the sugar, as soon as its oxida- 
tion has commenced, is rapidly decomposed into carbonic 
acid and water. It appears that fats ofifer definite points of 
attack for oxygen ; and if these points are protected by non- 
oxidizable substances, the oxygen is unable to operate upon 
them. As soon as these points are undefended, they are 
rapidly decomposed and oxidized. 

Schmiedeberg * has met with glycuronic acid a second 
time under different circumstances. He fed a dog on food 
containing no albumen, such as bacon and starch paste, and 
then administered benzol. In order to form phenolsulphuric 
acid, the organism in this case could only dispose of a minute 
quantity of sulphuric acid, resulting firom the decomposition 
of proteids in the tissues — ^po sulphur haTing been introduced 
with the food. It follows that all the phenol formed from the 
benzol did not appear in the urine conjugated with sulphuric 
acid. It was proved that a part appeared as conjugated 
glycuronic acid. 

Other inquirers have also repeatedly met with glycuronic 

acid. Jaflf6t found that orthonitrotoluol (^e^4,\cH^J 
is converted, in the dog, into orthonitrobenzyl alcohol 

r CeH^lng^OHy* ^^^® alcohol appears in the urine 
conjugated with an acid, which seems to be identical with 
Schniiedeberg*8 glycuronic acid. Mering and Musculust 
found, in the urine of men and dogs to whom hydrate of 
chloral or of butylchloral had been administered, the cor- 
responding alcohols, trichlorethylalcohol and trichlorbutyl- 

* Sohmiedeberg, ArcJLf. exper. Path, u. Pharm*^ rol. xiv. pp. 306, 307 : 1881. 

t Jafii^, ZeUschr. /. physiol, Chem.y vol. ii. p. 47 : 1878, 

} Von Mering and Mnsonlas, Ber» d. deulteh. ehem. G^., Yol. viiL p. 662 : 
1875 ; von Mering, ZeUsehr, /. physioL Chem., voL vi. p. 480 : 1882. Vide also 
K&lz, Pfluger's Areh,i voL xxviU. p. 506 : 1882; and Koesel, ZeUtchr, /. phytiol. 
Gkem,<, Tol. W. p. 296: 1880; and M. Leflnik, Arch* /. exper. Path. u. Pharm,^ 
▼ol. zzi. p. 168 : 1887. 
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alcohol, conjugated with glycnronic acid. It is to he noted that 
in this process the conjugate of glycuronic acid is formed by 
reduction, while in the processes observed by Schmiedeberg 
and Jaffe, it was due to oxidation. Again, in the experiments 
of Mering and Musculus, it was not an aromatic compound 
which protected the glycuronic acid from oxidation, but one 
belonging to the fatty series, which had beei^ r0nd^r6d more 
or less incombustible by chlorine. 



\! 



( 284 ) 



LECTURE XV. 

THE GASES OF THE BLOOD AND RESPIRATION (contmuect) — 
BEHAVIOUR OF CARBONIC ACtD IN THE PROCESSES OF INTERNAL 
AND EXTERNAL RESPIRATION — CUTANEOUS RESPIRATION — ^IN- 
TESTINAL GASES* 

In our previons remarks on tbe gases of the blood and on 
respiration, we have become acquainted with the behaviour of 
oxygen and the processes of oxidation in the tissues. It now 
only remains for us to consider the ultimate gaseous product 
of the processes of oxidation and decomposition, carbonic 
ACID, together with its behaviour in the processes of internal 
and external respiration. 

In the venous blood of the dog, the carbonic acid amounts 
to from 39 to 48 vols, per cent, (reckoned at 0** C. and 
760 mms. mercury) ; in the arterial, to an average of about 8 
vols, per cent, less.* 

Carbonic acid, like oxygen, is not simply absorbed in the 
blood, as there is far too large an amount. Water absorbs 
double its ovm bulk from an atmosphere of pure carbonic 
acid, at O"" G. ; at the temperature of a room, it absorbs its 
own volume, and at the temperature of the body, half its 
volume, or 60 vols, per cent, of this gas. Very nearly as 
much as this is contained in venous blood. If, therefore, 
the carbonic acid were simply absorbed,, its partial pressure 
would amount to that of a whole atmosphere. This cannot 

"* A. SohSifer, Wien. dkad. SUningiber., ToL zlL p. 589: 1860; Sozelkow, 
ibid^ ToL xlT. p. 171 : 1862. 
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be the case, for the partial pressnres of all the gases of the 
blood together can never amount perceptibly to more than 
one atmosphere. 

The partial pressure of the carbonic acid in the blood is 
accurately known from the researches of Pfluger and his 
pupils Wolffberg, * Strassburg, t and Nussbaum.t They 
introduced blood from the vessels of a living dog into the 
upper end of a vertical glass tube, which contained nitrogen 
with a small percentage of carbonic acid. The blood ran 
down against the sides of the tube without coagulating, and 
was at once removed when it reached the lower end, by a 
particular arrangement which prevented any air getting to 
it.§ If the tension of the carbonic acid in the blood is greater 
than in the gas inside the tube, then the amount of carbonic 
acid in the gas must increase ; if the tension in the blood is 
less, then the amount of carbonic acid in the gas must 
diminish. It was proved by numerous experiments that the 
pressure of CO2 amounts to 5*4 per cent, of an atmosphere in 
the blood of the large veins of the dog and in that from the 
right heart, and to 2*8 per cent, in arterial blood. j| 

Now, as water at the temperature of the body only takes 
up about 50 vols, per cent, of GOa from an atmosphere of 
pure carbonic acid, it follows that venous blood which is 
under a carbonic acid pressure of only 5 per cent., or ^ of 
an atmosphere, cannot contaiit more than about ^^=2^ 
vols, per cent, of GO2 simply absorbed. The remaining S6 
to 46 vols, per cent, must be in a state of chemical 
combination, and a glance at the composition of the ash of 
blood {vide supra, p. 245) shows us that the substances, which 
fix carbonic acid, must be soda and potash. The ash of the 

* Wolffberg, Pflilger's Arch., toL It. p. 465 : 1871 ; and toI. Ti. p. 28 : 1872. 
t Strassburg, ibid., yol. vi p. 65 ; 1872. 
t Nnasbanm, ibid., vol. vil. p. 296 : 187a 

§ IHagrama and description of tbe apparatni are giTen by StraMboig, loe, 
ete., p. 69. 

I Strattbnrg, loe, eiL 
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plasma has never been analyzed. I found that serum, the 
ash of which cannot be of very different constitution from 
that of the plasma, has the following composition : — * 



Ohx THOUBAim Gjiammbs of Sebum fbom Dog^s Blood oontadtb — 

K,0 0-202 

Na,0 4-341 

CJaO 01'76 

HgO 0-041 



Fe,0, 0010 

P.O, 0-489 

01 8-961 



We need take no notice of the minute proportion of potassium, 
which probably arises mostly from the breaking up of the 
leucocytes, and of which there is only a trace in the plasma 
of the living blood. Nor is it necessary to take into con- 
sideration the small amount of lime and magnesium; they 
are for the most part combined with the albumens and nucleo- 
albumens, and perhaps are not at all concerned in fixing 
carbonic acid. Anyhow, the bulk of the carbonic acid in the 
plasma is combined with sodium : 8*463 of the 4*341 grms. 
of sodium are sufficient to saturate the only strong mineral 
acid of the plasma, the hydrochloric acid. The remainder, 
0*878 grm. of sodium is able to fix 0*623 grm. C02= 316 c.cms. 
carbonic acid gas (computed at 0° C. and 760 mms. mercurial 
pressure), besides an equal additional amount when the 
bicarbonate of soda is formed. 632 c.cms. of carbonic acid 
(i.e. 63 vols, per cent.) may, therefore, be chemically combined 
in a litre of blood-plasma. It must, however, be remembered 
that the carbonic acid never really reaches quite 63 volumes 
per cent., as the 0*878 grm. sodium must be divided amongst 
the other weak acids — such as phosphoric acid, proteid, and 
perhaps many others, each of which is of little importance 
singly, but which, altogether, exert some influence. As a 
fact, from 4S to 57 vols, per cent, of carbonic acid have up to 
the present been found in arterial blood-serum of the dog. 
The amount of COa must be still larger in the serum of venous 

* The analysis has hitherto been published only in part (ZeiUckr.f. Biotog.t 
▼oL xU. p. 204 : 1876). 
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blood, where the disposable sodiam is perhaps almost corn- 
pletely saturated with carbonic acid. How large a share of 
the sodium falls to the lot of the carbonic acid depends on 
^^ mass influence/' Le. on the partial pressure of the carbonic 
acid.* In the tissues where GO3 is liberated by oxidation 
and decomposition, and its partial pressure rises, sodium 
bicarbonate must be formed at the cost of the sodium 
albuminate and of the dibasic sodium phosphate (Naa HP04)| 
which latter gives up one-half of its sodium^ and is converted 
into the acid salt (NaHaP04). In the alveoli of the lungs, 
where the partial pressure of the carbonic acid is diminished 
in consequence of the constant mechanical ventilation, the 
blood gives off a portion of its carbonic acid by diffusion ; the 
mass-influence of the COa in the blood becomes lessened, and 
that of the other acids relatively increased; again sodium 
albuminate and dibasic sodium phosphate (NaaHP04) are 
formed at the cost of the sodium bicarbonate. As soon as 
the amount of free carbonic acid decreases, however little, the 
amount of the loosely combined CO2 also diminishes, and even 
to a considerable extents By this arrangement, the amount 
of carbonic acid of the blood can vary within wide limits 
without the total pressure of the gas being materially altered. 
A change of pressure up to 2*6 per cent, of an atmosphere 
produces an alteration of 8 vols, per centr in the carbonic 
acid of the blood. This allows of large quantities of GO, 
being transported in a shcNrt time from the tissues into the 
lungs. 

Hoppe-Seyler and his pupil Sertoli f have shown that 
proteid does indeed compete with the carbonic acid for the 
possession of the sodium. Proteid drives out carbonic acid 
in a vacuum from a solution of simple sodium carbonate ; the 

* N. Zuntz, CefUraJb.f. d. med. Winemck,^ p. 527: 1867; F. C. Donders, 
Pfluger'8 Arek^ toL ▼. p. 20 : 1872. Vide also J. Oaule, Du Sols' Arch.^ p. 469 : 
1878. 

t Sertoli, Med. cftem. Unten., Ton Hoppe-Seyler, Heft IIL p. 350: Berlin, 
1868. 
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amonnt driven out is, however, very small, as might d priori 
be anticipated, owing to the great molecular weight of the 
proteid.* 

The occurrence of phosphates of the alkalies in the 
plasma has frequently been doubted, f The phosphoric acid 
in the ash has been ascribed to the lecithin and nuclein, 
but the amount is too large for this purpose, at any rate in 
dog's blood ; in bullock's and pig's blood it is certainly much 
smaller 4 But, at any rate, it is only a small portion of the 
alkalies which is combined with phosphoric acid in the 
plasma. In the corpuscles, on the contrary, there is no doubt 
that phosphates play an important part in fixing carbonic 
acid. 

The way in which the phosphoric acid is driven from the 
possession of the sodium by the carbonic acid, and vice versd^ 
may be demonstrated by a simple experiment. If to a 
solution of NaaHP04 a few drops of litmus solution be added, 
the solution becomes blue. If GO2 be now introduced, the 
solution becomes red ; the carbonic acid is not the cause of 
this change in colour, as a control experiment shows, but the 
formation of NaHaP04. NaHGOs is formed simultaneously. 
If the vessel be left open, the carbonic acid gradually dis- 
appears, the mass influence of the phosphoric acid becomes 
relatively greater, it again takes possession of the second 
sodium equivalent, of which it had been robbed by the GO2, 
and the blue colour reappears. This process can be hastened 
by boiling. 

Carbonic acid is found not only in the blood-plasma, but 
also in the corpuscles, though not in such large quantities. 
This follows from the simple fact that the total blood con- 
tains less GO2 than the serum. But the difference is not 



* Hoppe-Seyler, ** Physiologische Chemie,'* p. 508: Berlin, 1879. 
t Sertoli, loe, eit 

X Vide Bimge, ZeUtehr, /. Biolog,, vol. xii. pp^ 206, 207: 1876; and Sertoli, 
loe,etL 
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sufiBcient to enable us to ascribe all the carbonic acid to the 
serum.* 

The carbonic acid cannot be completely removed from the 
serum by the air-pump, a proof that the amount of the non- 
volatile weak acids is less than the equivalent of the 0*9 per 
1000 sodium just estimated. But more than half can be 
removed,! a proof that the process is not merely a transition 
from sodium bicarbonate into carbonate, but also a partial 
displacement of the firmly combined carbonic acid by the 
other weak acids, proteid, phosphoric acid, etc. 

The carbonic acid may, on the contrary, be completely 
pumped out of the blood. ^ And, moreover, Pfluger§ has 
shown that if sodium carbonate be added to the blood, the 
GOa may be driven out even from this in a vacuum. In 
order to explain these facts, we must assume either that acids 
froin the corpuscles diffuse into the plasma, or that sodium 
carbonate diffuses from the plasma into the corpuscles. 

With regard to the acids of the blood-corpuscles, the most 
important place is held by the phosphoric acid, in which the 
corpuscles are, at any rate, far richer than the plasma (vide 
supra, p. 245). Only a very small portion of this large amount 
of phosphoric acid can be contained in the corpuscles as 
an organic compound. In the second place, probably the 
oxyhsemoglobin is of influence, for, as Preyer |] has shown, it 
drives out COa from sodium carbonate in a vacuum. 

It has been much disputed whether the giving off of 
carbonic acid from the capillaries of the lungs into the air of 
the alveoli simply follows the laws of diffusion, or whether 
we must assume that special excretory forces are at work in 
the lung-tissue. The results of the following experiment of 

* Alexander Schmidt, Berichte Uber die VerhancUungen der hdnig^. saehs, Gtt, 
d. WttaeMok. zu LeipMigy Math. phya. Classe, vol. xix. p. 30 : 1867. 
t Pilager, ■" Ueher die Kohlen^ure des BlateB," p. U : Bonn, 1864. 
X Setsohenow, 8itguing$fm. d, Wim. AkcuL^ vol. zxxW. p. 293 : 1850. 
§ Pflflger, Joe. eiL^ pp. 5, el §eq. 
I W. Preyer, "Die BlutkrystaUe:" Jena, 1871. 

V 



290 LECTURE XV. 

Pfliiger and his pupils, Wolffberg* and Nassbaum^t are in 
favour of the former view. If the giving off of carbonic acid in 
the alveoli of the lungs simply follows the laws of the diffusion 
of gases, we should expect a priori that, if a lobe of the lung 
were blocked by closing the corresponding bronchus, the 
carbonic acid pressure would rise in the air-cavities of the 
lung thus closed in, until it balanced the carbonic pressure in 
the venous blood flowing in, and that then the blood flowing 
out, i.e. the arterial blood of the pulmonary veins in this same 
lobe, would also have the same CO2 tension. The experiments 
of Wolffberg and Nussbaum have in fact shown that, under 
these conditions, the pressure of GO2 in the alveoli is the 
same as in the venous blood. 

One pulmonary lobe was successfully closed in the follow- 
ing manner. An elastic catheter t was introduced into a 
branch of one bronchus of a dog that had been tracheotomized. 
The catheter had a double wall ; the outer, which was made 
of indiarubber, was thinner towards the end inserted in the 
bronchus, so that, when inflated, this end expanded, whilst 
the thicker portion of the wall remained the same. This 
flask-like expansion of the tube ensured a completely air- 
tight closure of the bronchus. Ventilation went on unimpeded 
in the other lobes of the same lung and in the other lung, 
so that there could be no lack of GO2 in the blood. The 
pressure of carbonic acid was thus also normal in the blood- 
vessels of the lobe that had bebn stopped up. Wheu the 
closure had lasted long enough, a sample of the gas coulft be 
drawn out through the inner, tube of the catheter, an^ used 
for analysis. The mean of numerous estimates of the 
enclosed pulmonary air gave an average pressure of CO2 of 
S'84 per cent, of an atmosphere, and of 8*81 per cent, for the 

* WblffbeTg, Pflager's Arek^ vol. iv. p. 465 : 1^71 ; and toI. tI. p. 28 : 1872. 
t Nombaam, iMd., toL tu. p. 296: 1873. 

X A description and illastration of the **lang-oatheter " are giren by Wolffberg, 
ibid., voL It. p. 467, etc : 1871. 
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m 

blood from the right heart. The fact that the latter figure is 
lower than in the above-mentioned experiments of Strassburg, 
who found a mean of 5*4 per cent., is explained by the fact 
that the animals were not tracheotomized in Strassburg's 
cases> and that, in consequence of tracheotomy, the ventilation 
of the lung is far more complete, and the retention of carbonic 
acid in the blood is much less. 

Under normal conditions, if the interchange of gas simply 
follows the laws of diffusion, the pressure of GO2 could never 
be higher in the alveoli of the lungs than in the arterial 
blood, the two being equally balanced. If the balance is 
complete, the pressure must be the same ; if incomplete, the 
pressure in the alveoli must be lower, but can never be higher. 
If it were, we should have to assume that forces were at work 
in the lung-tissue to expel it. How do the facts agree with 
this deduction? Strassburg found that the pressure of 
carbonic acid in the arterial blood of the dog was from 2*2 to 
3*8 per cent., or on an average 2*8 per cent, of an atmo- 
sphere.* 

The normal GOj pressure in the alveoli cannot be ascer- 
tained, but we can determii^e its minimal value by estimating 
the GOa pressure in the total air expired, which is a mixture 
of alveolar air and atmospheric air. If this minimal value 
should prove higher than the carbonic acid pressure in the 
arterial blood, the assumption that the interchange of gases 
proceeds only by diffusion would be refuted; we should be 
forced to consider that there were other special expelling 
forces at work. 

The amount of carbonic acid in the expired air of the 
dog has, so far as I am aware, only been estimated once. 
Wolffberg f found from 2*4 to 8*4, a mean of 2*8 per cent. 
Wolffberg's dog was tracheotomized. The GOi tension in 
the expired air would be higher in a dog breathing normally, 

* StniMbiurg, loe. eU»f p. 77. 

t Wolflfberg, Pflttger*! Arch., rol. Ti. p. 478 : 1871. 
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and still higher in the alveolar air than in the expired air. 
These experiments urgently require repetition. The facts, 
so far, are only partially reconcileable with the theory that 
the interchange of gases in the lungs proceeds merely accord- 
ing to the laws of diffusion. 

The amount of GO2 in the air expired by human beings 
is much larger: Vierordt* found 4*6 per cent. CO2 in the 
air normally expired, and 5*2 per cent, in that expired after 
a very deep inhalation. The pressure of carbonic acid in 
the arterial blood of human beings is not known. 

In the short time during which the blood flows through 
the capillaries of the lungs, the equalization of the difference 
in tension is accomplished with a completeness which is 
surprising. This phenomenon is explained if the extent of 
the surface be considered over which the interchange takes 
place. According to an approximate valuation of the anato- 
mist Buschke, the total inner surface of the human lungs 
amounts to 2000 square feet, and the whole of this vast 
surface is thickly interwoven with a network of capil- 
laries. 

The experiments made to estimate the pressure of carbonic 
acid in the tissues are attended with great difficulties. 
A priori, it must be assumed that the greatest pressure will 
be where the development q;f carbonic acid is most consider- 
able ; therefore probably in the cells, in the muscular fibres, 
in all the active elements — ^in fact, wherever most kinetic 
energy is liberated. Now, the pressure of GO2 cannot be 
directly estimated in thelcelk. themselves ; an endeavour has 
therefore been made to estimate the partial pressure of this 
gas in the fluids which come most in contact with the cells, 
i.e. the lymph. It was imagined h priori that the lymph, 
which flows so slowly round the cells, would be saturated far 
more completely with carbonic acid than the blood, which 
passes through the capillaries so rapidly. But, as a matter 

* Vieiordt, « Physiol, des Athmens," p. 134 : Heidelbeig, 1845. 
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of fact, this is not so. Strassborg* found the tension of 
carbonic acid invariably less in the lymph than in venous 
blood. It thus appears that the stream of GO2 from the 
cells into the lymph does not simply follow the laws of 
diffusion. Why does the bulk of it diffuse directly into the 
blood? The purpose is evident; the carbonic acid reaches 
the lungs most rapidly in this manner. The cause^ however^ 
is not yet known. 

Strassburg has also estimated the tension of carbonic acid 
in dog's urine, and found it to be about 9 per cent, of an atmo- 
sphere, and in the bile 7 per cent. Finally, he endeavoured 
to estimate it in the tissues of the intestinal wall, by injecting 
atmospheric air into a ligatured coil of intestine of a living 
dog, and analyzing a sample of the air after from half an hour 
to three hours : he found from 7 to 9^^ per cent. GO2. From 
these facts, it follows that the tension of carbonic acid is 
greater in the tissues than in the blood, which we should 
expect to be the case. 

But what would happen if an animal were brought into 
an atmosphere where the pressure of carbonic acid was 
already as great as in the venous blood ? The interchange 
of gases in the alveoli would be stopped, but only for an 
instant; for the development of carbonic acid proceeds 
unremittingly in the tissues. The amount of GOs rises 
above the normal both in the tissues and in the blood, and 
then it will again be given off by the walls of the alveoli, in 
consequence of the difference in tension which arises. 

But a retention of carbonic acid in the blood and in the 
tissues will occur much sooner, long before the amount of 
CO2 in the inspired air is the same as that of the normal 
alveolar air. The smaller the difference of the tension of 
carbonic acid in venous blood and in the alveolar air, the 
more slowly will GOj be given off from the blood to the 

* Strassburg, loc, eit,, pp. 85-^1. Vide alio Gaale, Da Bob* Arch., pp. 474- 
476: 1878. 
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alveolar air, and the greater must be the retention of carbonic 
acid in the blood and in the tissues. 

The abnormally high tension of this gas in the tissues 
is the cause of disturbances, especially in certain parts of 
the central nerrous system. The increasing partial pressure 
of the carbonic acid acts above all on the respiratory centre, 
causing deeper respiration.* If the retention of carbonic 
acid be so great that the deeper respiration cannot overcome 
it, it acts also on other parts of the central nervous system, 
and the animals finally die with symptoms of narcosis. 

If animals be placed in an air-tight compartment, and 
be made to breathe an artificial mixture of air rich in oxygen, 
they die of carbonic acid poisoning long before the partial 
pressure of the oxygen has sunk to normal.f 

If the volumes of the inspired and expired air in normal 
respiration be compared, the latter is always found to be 
larger. The explanation is to be sought in the fact that the 
air has become warmer in the lung, and, owing to the tem- 
perature of the body, has been almost saturated with aqueous 
vapour. The quantity of water which leaves the body in 
this way during the course of a day amounts to from 400 to 
800 grms. It varies with the dryness of the inspired air. 

But if, on the other hand, the volumes of the inspired and 
expired air be compared after desiccation, and reduced to the 
same temperature and pressure* the volume of expired air is 
usually somewhat smaller, This is readily explained if we 
consider that, in the combustion of food-stuffs, it is only the 
carbohydrates which produce a volume of carbonic acid equal 

* An acnonnt of the regulation of respiration by the nervons system, and tho 
influence of the blood-gases in this process of regulation, does not come within 
the province of physiological chemistry. A critical snrvey of the comprehensive 
literature on the subject is given by Fr. Miescher, Bu Bois' Areh,, p. 355: 
1885. 

t MftUer, 8iizung$ber, d. Akad, d, WutenMch, zu Wien., Hath. Nat. Classe, 
vol. zxxiii. p. 186, et seq, : 1859 ; P. Bert, *' La pression barom^trique," p. 983 : 
P&ru, 1878 ; Friedl'ander and Herter, Zeittehr. f. phynol. Chem,, vol. ii. p. 99 : 
1878. 
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to that of the oxygen used up, the proteids and fats yielding 
a smaller one. 

The oarbohydrates are known to contain exactly so much 
oxygen as is requisite for the saturation of the hydrogen. 
If, therefore, the entire molecule becomes oxidized to car* 
bonic acid and water, exactly two oxygen atoms must be 
taken up to every carbon atom. Two atoms — that is, one 
molecule of oxygen with one atom of carbon — form one mole- 
cule of carbonic acid. Now, it is well known that an equal 
number of molecules occupies an equal volume. Conse- 
quently, the volume of GO2 formed during the combustion of 
the carbohydrates must be equal to the volume of oxygen 
used up. 

The fats, on the other hand, contain fewer oxygen atoms 
than are necessary for the saturation of the hydrogen atoms : 
in stearic acid (C18H38O2), only four of the thirty-six hydrogen 
atoms can be saturated by the oxygen present ; sixteen more 
atoms of the inspired oxygen must be used up in order 
to complete the combustion of the hydrogen, and these do 
not reappear in the expired air. Glycerin (GsHsOa) also 
contains two atoms more hydrogen than are saturated by 
the oxygen present. Thus, for the complete combustion of 
the fats, far more oxygen must be taken up than is requisite 
for the combustion of their carbon ; and for this reason all 
the inspired oxygen does not reappear in the expired car- 
bonic acid. 

This is also the case with the proteids. One hundred 
grms. of proteid contain 7 grms. of hydrogen. In order to re- 
duce these to water by combustion, 7 X 8 = 56 grms. of oxygen 
are necessary. But 100 grms. of proteid matter contain at 
most 24 grms. of oxygen. Extra oxygen must, therefore, be 
inspired for the purpose of oxidizing the hydrogen, besides 
the amount necessary for the oxidation of the carbon. Only 
the estimate is rendered more complicated with proteid, 
because hydrogen and oxygen atoms are also eliminated in 
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the nitrogenous waste products, and because oxygen is also 
used up in oxidizing the sulphur. 

The proportion of the expired volume of carbonic acid 
to the inspired volume of oxygen is termed the respiratory 
quotient. 

The carbohydrates preponderate in the diet of herbivora. 
The respiratory quotient in these cases is nearly equal to 1. 
With camivora, on the other hand, where the food is poor 
in carbohydrates and rich in proteids and fats, the respiratory 
quotient must be considerably less than 1. It is usually 
found to be about f . 

The respiratory quotient estimated from the constituents 
of food only agrees with that actually found * if the estimation 
of the gases of respiration be carried out for some time, if 
possible for twenty-four hours. In short spaces of time, the 
proportion may be very materially altered, because the taking 
in of oxygen and the giving out of carbonic acid do not occur 
simultaneously. A considerable part of the carbon may be 
split off from the carbohydrates as carbonic acid without any 
oxygen being taken in, as we see in alcoholic and butyric acid 
fermentation ; the by-products then formed, which are poor 
in oxygen, are oxydized later, after the GOa previously given 
off has been expired. In this way it may happen that the 

* A descriptioD and illustration of the af^aratus used for the quantitative 
estimate of the interchange of gases during longer periods, and especially of 
Begnault*s, Reiset's, and Pettenkofer's respiratory apparatus, are to be found in 
every text-book of physiology. Any one desirous of reading the original descrip- 
tion by the authors, is referred to the celebrated work of Begnault and Reiset in 
the Ann. de, Chim. ei de phys., t. xxvi. : 1849 ; also under the separate title, 
" Becherches chimiques sur la respiration des animaux dee diverses classes : " 
Baohellier, 1849 ; translated in Liebig*s Ann. d. Chem. u. Pharm., vol. Ixxiii. 
pp. 92, 129, 257 : 1850. The description of Pettenkofer*s respiratory apparatus 
is to be found in Liebig's Ann. d. Chem. u. Pharn.f vol. ii. p. 1, Suppl. : 1862. 
This apparatus was specially constructed for experiments on human beings. 
Voit moidified it somewhat for smaller animals. The exact illustration and 
description are given in ZeiUohr. /. Biolog.^ yoL xi. p. 541 : 1875. A modifica- 
tion of Beg^ault's and Beiset's apparatus for examining the respiration of 
aquatic animals was described by Jolyet and Begnard in Arch, de pkynol, normale 
etpafhaiog.f 8&. il. vol. iv. p. 44 : 1877. 
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expired volume of 00a may for a time be larger than the 
inspired oxygen volume^ and the respiratory quotient may be 
greater than 1. 

In herbivora/it sometimes happens that the whole volume 
of 00s expired in twenty-four hours is larger than the volume 
of inspired oxygen. The following statement will explain 
this. Vegetable food contains organic acids, which are 
richer in oxygen than the carbohydrates, and for this reason 
they use up, during their conversion into carbonic acid and 
wat^r, a smaller volume of oxygen than that corresponding 
to the volume of carbonic acid formed. Tartaric acid with 
2i vols* of oxygen gives 4 vols, of 00a : O^Os + 50 = 
4G0a + 8HaO. But carbonic acid may be developed from 
another source without oxygen being taken up. The carbo- 
hydrates may undergo marsh-gas fermentation in the in- 
testine : GeHiaOe = 8G0a + SOEU* The carbonic acid is 
absorbed from the intestine and breathed out from the 
Itmgs, but the marsh-gas remains unoxidized {vide below, 
pp. 805, 808). 

It is important to know all these conditions upon which 
the respiratory quotient depends. In the experiments on 
metabolism, the size of this quotient affords many indications 
from which the chemical processeB in the tissueB may be 
judged. 

In speaking of respiration, we have hitherto meant only 
the respiration through the lungs. The question now remains 
for us to consider whether there is, in human beings, such a 
thing as cutaneous bespibatiok. It undoubtedly exists among 
the lower animals, as well as among certain of the lower 
vertebrata. Among the amphibia, the interchange of gases 
goes on more extensively by means of the skin than by the 
lungs. This was known even to Spallanzani.* He proved 
that many kinds of amphibia lived longer after extirpation 

* Spallanzani, " Memoires sur la respiration, traduiU par Senebier,*' p. 73 : 
Geneve, 1803. 
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of the Inngs than after their skins were varnished over. 
There is, however, this objection to the above experiment, i.e. 
that the varnishing of the skin would be prejudicial in another 
way. Spallanzani's experiments have therefore been repeated 
with many alterations.* Fubini estimated the whole of the 
COa given out by normal frogs, and, on comparing it with 
that given out by frogs with their lungs extirpated, found that 
the latter was only a little less. To this experiment the 
objection may also be raised, that after extirpation of {he 
lungs the output of GO2 by the skin was no longer normal, 
but increased by vicarious activity. Ferd. Klug, therefore, 
constructed a special apparatus, in which the head and the 
body were each in separate compartments. The separation 
was effected by means of a lamina of indiarubber, through 
which the head was passed. The result of this experiment 
was found to be that only a very small part of the COa was 
given out through the lungs. 

The most exact estimates on the output of GO2 through 
the skin of human beings were made by H. Aubert.t The 
person experimented on sat naked in an air-tight box, the 
top of which was made of indiarubber. The head came out 
of a round hole in this covering, which fitted tightly round 
the neck, so that no air could get in. A stream of air was 
now admitted into the enclosed space. The air had been 
previously freed from all carbonic acid, and on coming out 
was passed through flasks containing baryta water. The 
experiment lasted for two hours. From the carbonic acid 
absorbed during this time by the solution of baryta, the 
quantity eliminated in twenty-four hours was estimated. 
Seven experiments showed that in twenty-four hours a man 
gives out by the skin a maximum of 6'S grms., a minimum 
of 2*8, or an average of 8*9 grms. of carbonic acid. 

 Vide Fubini, Moleschott's Unt. «. Naturlehre, vol. xii. p. 100 : 1878 ; and 
Ferd. KlQg, Da Boifi* Areh.t p. 183 : 1884, containing also a critical notice of 
the earlier literature. 

t H. Aubert, Pflilger*8 Areh., vol. vi. p. 539 : 1872. 
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This amount of GO3 is exceedingly small in compajrison 
with that proceeding from the Imigs^ which in human beings 
amounts to from 800 to 1200 grms. in twenty-four hours. 
It is even doubtful whether the small quantity of. GOs found 
was really given oS by the skin in the form of gas. It is 
possible that it arose from the decomposition of the secretions 
of the skin and of the cast-off epidermis. Still more dubious 
are the statements that small quantities of oxygen are taken 
up through the human skin. 

Until quite recently, it was believed that not only is 
carbonic acid given out through the skin, but also certain 
gaseous organic compounds of a more complex nature. This 
has been the explanation offered for the injurious effects of a 
great many people being shut up together in a small room. 
It was thought that these organic vapours have a very low 
tension ; that the air soon reaches saturation as far as they 
are concerned, and cannot receive any more of them from 
the organism, unless it be rapidly changed and renewed. If 
these vapours, in however small a quantity, remain behind 
and collect in the body, they act on certain parts of the 
nervous system, and through these on the whole body, as 
easily as they do on our olfactory nerves when they have 
passed into the air, when they may even cause vomiting.* 

This idea of the injurious effects arising from the sup- 
pressed action of the skin is as old as the history of medicine, 
and even up to the present time the perspirabile retentwm 
plays an important part in the etiology of certain diseases. 
This idea induced Pettenkofer, in his researches on respira- 
tion, to abandon the method of Begnault and Beiset, and to 
construct a new respiratory apparatus, in which a constant 
current of fresh air passed through the compartment that 
held the person or animal. Pettenkofer had found that when 
the proportion of CO^ had risen to 0*1 per cent, in a room 
filled with people, the air began to smell, and that when it 

* Pettenkofer, Liebig'B Ann, d, Chem, u. Fharm,^ vol. iL Suppl. p. 5 : 1862. 
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rose to 1 per cent., the air became almost unendurable. But 
if he developed carbonic acid in a room, by acting on bicarbo- 
nate of sodium with sulphuric acid, until the GOs in the air 
amounted to 1 per cent., he found that he could remain in 
this room quite comfortably for a considerable time. It is, 
therefore, not the carbonic acid itself that is the harmful 
product in so-called bad air ; but, according to Pettenkofer, the 
GO2 is a measure of the injurious products of perspiration 
which are as yet unknown to us. 

All endeavours to discover what these harmful products 
of perspiration are have hitherto failed. The latest experi- 
ments were made by Hermans * in the Institute of Hygiene 
in Amsterdam. A man was shut in an air-tight tin case. 
A feeling of discomfort began when the GO2 in the air rose 
above 8 per cent., but dyspnoea did not set in till it had 
reached 5*3 per cent. If the carbonic acid was dispersed 
by absorption, no inconvenience was experienced, even when 
the amount of oxygen in the box sank to 10 per cent. In 
order to discover the supposed organic products of perspiration, 
air was first passed through the case, and then through an 
absorption apparatus.. When passed through titrated sul- 
phuric acid, the titre was always found to be unaltered. If 
the air was passed over red-hot oxide of copper, the amount 
of GO2 and of water did not increase. In the same way, the 
titre of a boiling acid or alkaline permanganate solution was 
found to be unchanged, even after many litres of the air taken 
from the case towards the end of the experiment, had been 
slowly passed through it. Neither did t^ie condensed water, 
obtained from the issuing air after being cooled by ice, nor 
the condensed water from the sides of the case, alter the 
titre of the boiling permanganate solution. There was likewise 
no disagreeable smell. The greatest care had been taken to 
see that the clothing and person of the man experimented 
upon were perfectly clean. Hermans, therefore, comes to the 

* Hermans, Areh* f. Hygiene, vol. i. p. 1 : 1883. 
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conclasion that, when healthy people give out malodorous 
substances in the atmosphere, these come, not from normal 
perspiration, bnt from the processes of decomposition caused 
by the dirty state of the body or clothes. 

The medical men who believe in the harmfulness of the 
perspirabUe retenium, ground their belief on the following 
facts: (1) The injurious effect on animals whose skin has 
been rendered impervious to perspiration by varnishing ; and 
(2) the fatal effect of extensive burns of the skin. But these 
facts must be differently interpreted. 

The death of varnished animals may be explained by 
an increased loss of heat.* The varnishing appears to 
damage the vasomotor nerves: the cutaneous vessels be- 
come dilated, the surface of the body becomes warmer than 
it normally is, and the loss of heat is greater. In conse- 
quence of this, the temperature of the body sinks, and the 
animals die of cold. If an animal be only partially var- 
nished, it is found that the varnished parts are warmer than 
the rest of the skin. A varnished animal gives out more heat 
in the calorimeter than a normal one does. If the cooling 
be prevented by wrapping the varnished animal in wool, or 
by placing it in a warm place, it remains alive and does 
not become ill. Besides, only those animals fall ill, on 
being varnished, that have a delicate skin, and a surface 
that is large in proportion to their small weight, as, for 
instance, rabbits. Larger animals with a tough skin, such 
as dogs, remain perfectly wdl with their whole body varnished 
over. 

Senator,t in Berlin, even ventured to varnish human 
beings. He had two patients suffering from rheumatism, 
which is often thought to be caused by the arrest of the 
action of the skin. Any interference with this .actioii 
should therefore be attended with dire consequences. The 

* Laschkewitaoh, Areh.f, Anat. «. PAyttoI., p. 61 : 1868. 
t BeDator, Vircbow's Arch^ vol. Izx. p. 182 : 1877. 
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extremities of these patients were encased in sticking-plaster, 
and almost the whole trunk was thickly painted with collo- 
dion, mixed with a little castor oil, to take off the harshness. 
Only the skin of the head, neck, buttock, and genitals re- 
mained free. One patient twice remained in this condition 
for twenty-four hours, the other for fully eight days ! The 
third experiment was made on a female patient with 
chronic pemphigus. The whole body, and even the face, 
was thickly covered with common tar, and the head, which 
had been shaven, with oleum rusci. * This air-tight covering 
was not removed for ten days, but no injurious consequences 
occurred in any of the three cases. 

Finally, as regards the fatal effect of extensive bums on 
the skin, there may be other explanations than that of the 
perspirahile retentum; in fact, in recent times many others 
have been attempted. We know that even a moderate rise 
of temperature will alter and destroy the blood-corpuscles.f 
This led to the supposition that the blood-cells which pass 
through the capillaries of the skin during a bum become 
destroyed by the higher temperature, and that their de- 
composition-products indirectly cause the symptoms which 
ensue. And, in fact, a constituent of the corpuscles, the 
hasmoglobin, was found in the plasma of the blood after a 
bum, and the hcemoglobin, or a derivative, was found in the 
urine.;|: According to Hoppe-Seyler*s § and Tappeiner's || in- 

* Oleum rosoi siye piz betnlimnm sive oleum betulie empyreamaticum, ifl a 
tarry piodact obtained from all parts of the blroh tree, and in great favour as a 
popular remedy for all kinds of diseases in Poland and Russia. It is also em- 
ployed in the fiibrication of certain liqueurs, and especially in the preparation of 
Russian leather, to which it imparts its characteristic odour (see Dr. Hager^s 
**Handbuoh der pharmacentischen Praxis:" Berlin, 1880; and the UwUed 
States Duperuary: 1883).— Ed. 

t Max Schultze, Ar^ /. mtk. Anat^ yoL L p. 26 : 1865. 

} Wertheim, Wiener med, Presse, No. 18: 1868; Ponfick, Bert. JcUtl Wo- 
chefuehr., No. 46: 1877; CeniraXb.f. d. med, Wi»mueh,t Nos. 11, 16 : 1880 ; Von 
Lesser, Yirchow's AreJi,, voL Izxix. p. 248 : 1880. 

§ Hoppe-Seyler, Zeittehr, f. physioL Chem., vol. ▼. pp. 1, 344: 1881. 

Q Tappeiner, Ceniralb.f. d, med, Wi8aen8ch.f Tol. xix. pp. S85» 401 : 1881. 
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vestigationB, howeyer^ the amount of hsBmoglobm in the 
blood-plasma after boms is very slight, and was even en- 
tirely absent in one case which ended fatally« Neither 
it nor its derivatives invariably occur in the urine. On 
the other hand, the following fact observed by Tappeiner 
is very interesting : he found the blood of patients with ex- 
tensive skin-burns to be much richer in corpuscles and 
poorer in plasma than normal blood. This thickening of 
the blood is accounted for by the transudation of lymph at 
the burnt places, and is, perhaps, the primary cause of all the 
symptoms and of death. ' 

We thus see that there is no real ground for assuming 
that any gaseous products are excreted by the human skin. 
Our knowledge of the chemistry of cutaneous action is alto- 
gether very limited. Nothing certain is known concerning 
the chemical composition of perspiration,* and there is at 
present no reason for considering this secretion to have any 
other use than that of the purely physical action in regulating 
the temperature of the body. The evaporation of water on 
the surface of the body is the most effectual means of cooling 
it. It must not be forgotten what an enormous amount 
of heat becomes latent when water passes from the liquid 
to the gaseous state. The secretion of perspiration is 
entirely absent in many animals^ as in the dog, and is 
replaced by a more copious evaporation from the surface of 
the lungs. 

Before concluding the chapter on respiration and the 
behaviour of gases in the body, we must consider the gases 
which occur in the alimentary canal, their origin, and their 
behaviour under physiological and pathological conditions. 

The GASBS in the alimentaby canal arise from four sources : 

* Vide O. Fnnke* Molesdhott^s Unter. i. Naiuriehn d. Metmoheii u, der Thiere, 
▼ol. It. p. 36 : 1858 ; and W. Leube, <* Ueber den Antagoniflmus zwisohen Harn- 
nnd Sohweineoreiion nnd deeaen therapeutische Bedeutnng," Deuimik. Areh. /. 
klin. Med,t vol. yii. p. 1 : 1870. An aoooont of the prenouB literature is also 
given. 



304 LECTURE XV. 

(1) Atmospheric air is continually being swallowed with the 
saliva^ with food and drink; part of it escapes again by 
the oesophagus, but the rest passes into the intestine; (2) 
gases arise by fermentative processes in the contents of the 
stomach and intestme; (8) gases diffuse from the tissues 
of the intestinal wall into the intestine; and (4) GOt is 
liberated when the sodium carbonate of the intestinal juice 
is neutralized. 

The following gases have, up to the present, been detected 
in the alimentary canal of human beings and of mammals : * 
0, N, COa, H, CH4, and H^S. 

Oxygen reaches the alimentary canal only by the air thai 
is swallowed, and disappears almost entirely in the stomach, 
partly by uniting with the reducing substances which proceed 
from the fermentatiye processes already set up in the 
stomach, and especially with the nascent hydrogen arising 
from butyric acid fermentation, and partly by diffusion into 
the tissues of the gastric wall. Traces of oxygen could still 
be found in the gases obtained from the upper portion of the 
intestine, but none in that from the lower parts. Planer in* 
jected atmospheric air into a ligatured small intestine of a 
living dog, and even after one and a half hours, half of the 
oxygen had disappeared from the air, and had been replaced 
by carbonic acid. In the case of a few fish, the diffusion of 
the atmospheric oxygen swallowed by them, through the walls 
of the alimentary canal, plays an important part in the process 
of respiration.f 

Nitrogen also reaches the alimentary canal with the air 
swallowed, but does not diffuse into the tissues of the intestinal 

* F]aner» BUtungtber, d, h, Akad. d, W, tu Wien.^ toI. xlii. p. 307: 1860; 
E. Bnge, ibid., vol. xlix. p. 789 : 1862 ; G. B. Hofmann, Wiener med. Woeihentehr.^ 
1872; Tappeiner, ZeUsehr. f. phyaioL Chem., vol. vi. p. 432: 1882; ZeiUehr. /. 
Biolog., Tol. xiz. p. 228: 1883; and vol. zx. p. 52: 1884; F. Enke, Arbeit o. d. 
pcahol. Jntl. %. Munehen,, edit by Bolliger, pp. 215, 226 : 1886. 

t Ermaa, Ann. d. Phynk^ yol. xxx. p. 113: 1808; Leydig, Artsh,f, Anal, «. 
PhysioLf p. 3 : 1853; Banmert, ** Gheroifiohe Untorsachung ilber die BeBpiratiou 
des Sohlammpeitzgers : " Breslau, 1855. 
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wall, because the partial presBure of the nitrogen is very 
nearly the same in this latter as in atmospheric air. It 
must, on the contrary, be assumed that nitrogen diffuses out 
of the tissues of the intestinal wall into the intestine. This 
occurs in the lower portion of the intestine, in proportion as 
other gases are developed by fermentation and the partial 
pressure of the nitrogen sinks. The intestinal gases, as a 
matter of fact, always contain an abundance of nitrogen. 

Hydrogen is formed in large quantities by fermentative 
processes, and especially, together with GO2, in butyric 
acid fermentation. This latter form of fermentation can 
always be detected in the contents of the large and small 
intestine.* As already mentioned (p. 192), marsh-gas arises, 
with carbonic acid, by the decom^sition of ceUuTose. Bui 
these are not the only two processes of fermentation by 
which GO2, H, and GH4 are formed in the intestine. Buge 
found marsh-gas in the gases of the colon of living people, 
even after a diet exclusively composed of meat; and Tap- 
peiner found abundance of marsh-gas and hydrogen in the 
gases of pigs' colons, which had been fed for three weeks 
entirely on meat. These gases proceed not only from the 
decomposition' of carbohydrates, but also of proteids* Eunkel t 
found that the 'gases produced by artificial pancreatic 
digestion, without excluding the fermentative organisms, con- 
tained as much as 60 per cent. H, and 1*6 per cent marsh-gas; 
and Tappeiner t showed that sterilized solutions of common 
salt with peptone and fibrin, when mixed with a little of 
the intestinal contents, developed a mixture of gases which 
contained as much as 40 per cent. H, and as much as 19 
per cent. GH4. It is noteworthy that in one of these experi- 
ments, Tappeiner produced from a solution of peptone a 
mixture of gases which contained 99*65 per cent. GO2, as 

* Compare Bnbner, ZeUsehr. f. Biolog^ vol. xiz. p. 84, et 9eq, : 1888. 
t Knnkel. VerhcmdL. d. phyMth.^med. Qe§eU$eh. in Wurzburg, N, f., vol. viii. 
p. 184 : 1874. 

I Tappeiner, ** Arb. a. d. patholog. Init. in Mtiuoben," vol i. p. 218 : 1886. 
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well as 0*14 H and 0*21 GH4. In the intestine, fermentations 
appear to go on in which carbonic acid alone, without any 
other gas, is developed from proteid. 

Besides this, carbonic acid is developed in large quantity 
through the neutralization of the acid chyme by the sodium 
carbonate of the intestinal juice. If we may assume for 
hun^an beings the same proportion of hydrochloric acid in the 
gastric juice which was found by Carl Schmidt in the dog, 
it would appear that 6 litres of GO2 are daily liberated in 
our intestine, by neutralization of the hydrochloric acid. We 
have to add the still larger quantity which is set free by the 
neutralization of lactic and butyric acids, which are constantly 
formed in the intestine from the carbohydrates of food. Still, 
we are not inconvenienced by these large volumes of CO^ for 
the co-efficient of absorption of carbonic acid is very high, 
and the partial pressure of GO2 in the intestinal walls is 
scarcely ever higher than 10 per cent, of an atmosphere. 
Therefore, as soon as the bowel contains more than 10 per 
cent, of GO2, diffusion into the blood must commence. The 
proportion of carbonic acid in intestinal gases is commonly 
from 20 to 50 per cent., and more. It follows that there is 
constantly an active current of carbonic acid from the 
intestine into the blood. The GO2 developed in the bowel is 
exhaled by the lung. 

On the other hand, hydrogen may give rise to much dis- 
comfort, owing to its very low co-efficient of absorption. It 
follows that patients suffering from chronic dyspepsia, and 
disposed to flatulence, must be extremely careful to avoid such 
articles of diet as tend to a butyric fermentation. According 
to the observations of Buge and Tappeiner, milk appears 
to be especially injurious in this respect. The experience of 
many patients coincides with this view. In the same way, 
starchy foods, which are hard to digest, are to be avoided, 
because they convey large quantities of carbohydrates into 
the lower portion of the small intestine^ the alkalinity of 
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wbioh encourages butyric fermentation. It would be wise to 
administer carbohydrates in the form of boiled fruits, because 
we thus convey with them acids into the bowels, and because 
the acids thus prevent butyric fermentation. There are 
many patients with whom cereals, the leguminosse, and 
potatoes disagree, but who are still able to take stewed fruits 
with rice, which is easily digested, and which is manifestly 
almost entirely absorbed in the upper part of the bowel. 

The following table gives the co-efficients of absorption of 
the intestinal gases. They have been determined by Bunsen 
at a temperature of 15° G. It is to be regretted that they 
have not also been determined for the body-temperature. 



Nitrogen 0-01478 

Hydrogen 001930 

Oxygen 002989 



OH4 003909 

00, 1-0020 

HgS •% >• •> .• 8*2326 



The quantity of sulphuretted hydrogen contained in the 
intestinal gases is very small, and cannot be quantitatively 
determined. It is, however, conceivable that the quantity 
developed in the bowel is sometimes larger than might be 
supposed from the small amount contained in the intestinal 
gases* We must not forget how high the co-efficient of 
absorption of sulphuretted hydrogen is, being one hundred 
times higher than that of oxygen, which is so easily 
diffusible. Sulphuretted hydrogen, in proportion as it is set 
free, must at once diffuse into the blood. Planer injected 
into the rectum of dogs, sulphuretted hydrogen diluted with 
hydrogen, and observed toxic symptoms within one or two 
minutes. When, in certain processes of disease, abnormal 
decomposition takes place in the contents of the bowel, it is 
possible that a large quantity of sulphuretted hydrogen 
may be developed. In the artificial digestion of fibrin by 
pancreatic juice, without excluding bacteria, Eunkel found that 
the gases contained as much as 1*9 per cent, of H2S. It is 
possible that in the headache, vertigo, and nausea frequently 
accompanying gastric and intestinal catarrh and persistent 
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constipation, poisoning by sulphuretted hydrogen plays a 
part. Senator * communicates the following case, which he 
regards as undoubtedly one of poisoning by sulphuretted 
hydrogen. He succeeded in finding sulphuretted hydrogen 
in the urine of a patient suffering from acute intestinal 
catarrh, as it distinctly gave a brown colour to a visiting- 
card, which contained lead. The eructations of the patient 
caused a distinct odour of sulphuretted hydrogen. He also 
had repeated attacks of vertigo, accompanied by epigastric 
oppression and a dark complexion. It is stated that persons 
engaged in the emptying of cesspools, and exposed to sul- 
phuretted hydrogen gas, have experienced similar symptoms. 

We have little certain knowledge as yet as to what 
becomes of the absorbed hydrogen and marsh-gas. They 
either become oxidized, or reappear in the exhaled air. An 
experiment made in Zuntz'sf laboratory in Berlin, with a 
tracheotomized rabbit, showed that the air exhaled by these 
animals invariably contains hydrogen, and generally marsh- 
gas as well — to a greater extent even than the gases voided 
during the same period per anvm. It has not yet been 
determined whether all hydrogen and all marsh-gas which 
are absorbed from the intestine reappear in the expired air, 
or whether a. part is oxidized in the body. The decision of 
this question would be of great interest for the theory of 
internal respiration (compare pp. 271-277). 

The quantitative composition of intestinal gases necessarily 
varies greatly according to the diet and the condition of the 
entire digestive apparatus, and especially according to the ex- 
tent to which fermentation can be resisted. Thus, for instance, 
Buge found in the intestinal gases of the same person : — 

* Senator, Berlin, Wn, Wochenteht Jahrg. y. p. 254 : 1868. 

t B. Tacke, "Ueber die Bedeutung der brennbaren Gase im thierischeu 
Organtamtis," Inang. Diesert,: Berlin, 1884. Abo Ber» d, deutieh. c^em. 
Get., vol. xvii. p. 1827 : 1884. 
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Oxygen . 

Nitrogen . 

Hydrogen 

CH, 

CO, 

H,S 



Aiter milk diet 



36-71 
54-23 

906 



After four days' 

diet of legnminoes 

only. 



18-96 
4-03 
55-94 
21-05 
Trace 



After three days* 
diet of meat ooij. 



64-41 

0-69 

26-45 

8-45 



Tappeiner * found that the gases removed half an hour after 
death from the corpse of a man who had been executed, 
exhibited the following composition : — 





Stomach. 


Ileom. 


Colon. 


Rectnm. 


Oxygen 

Nitrogen 

Hydrogen 

CH^ * . . • • . 

COj 


919\ 
74-26/ 
008 
0-16 
16-31 


67-71 
3-89 

28-4 


7-46 

0-46 

006 

91-92 


6276 

0-9 
86-4 



* Tappeiner, ** Arb. a. d. patholog. Inst, in Miinchen/' vol. i. p. 226 : 1886. 
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LECTURE XVI. 

THE NITROGENOUS PRODUCTS OF METABOLISM. 

The examination of the processes of respiration has shown 
ns that the bulk of carbon is eUminated from our body by 
the lungs as carbonic acid. The remainder of the carbon 
takes a different course. It quits our body in combination 
with the bulk of the nitrogen, in the form of a series of 
combinations very rich in nitrogen, through the kidneys^.^ 
Amonff these nitrogenous products, the chief in man are ure*/^r 
tftic ^acid, hippuric acid, creatin, and creatinin. A con- 
siderable portion of nitrogen appears in urine in the form of 
an inorganic combination as a salt of ammonia. 

We will now pursue the origin of these products in the 
animal body as far as the present state of our knowledge 
permits. We will begin with hippuric acid, because the 
origin of this combination has been more carefully studied 
and is better known than that of any of the other nitrogenous 
products. The constitution of hippuric acid is accurately 
known. The following mode of preparation makes it very 
clear : — 

CgHs - CO - N<g +CH2CI - COOH = 
Benzamide. Monochloracetic acid. 

CgHs - CO - Ns^cH2 - COOH +* tf^ 
Hippuric acid. 

If we boil hippuric acid with strong mineral acids, or with 
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alkalies, or subject it to the action of ferments, it splits up 
with hydration into benzoic acid and glycocoU. 

CgHa - CO - Nn^qjj^ _ (1Q0H + HgO = 
Hipporic acid. 

CeH, - COOH + H - N<^h^ _ COOH 

Benzoic acid. Glycocoll. 

Hippuric acid is again formed, with dehydration, from these 
two products of decomposition, if they are aUowed* to act 
upon one another at a high temperature and under increased 
pressure. To eiffect this, they are inserted dry into a glass 
tube, the ends of which are fused, and the tube is kept at a 
temperature of 160° C. for twelve hours.* 

Hippuric acid is also formed in the animal body by the 
combination of benzoic acid and glycocoll. If benzoic acid is 
introduced into the stomach of an animal or a human being, 
it reappears as hippuric acid in the urine. Doubtless the 
glycocoll used in its formation arises from the decomposition 
of the albuminous tissues. Free glycocoll has certainly not 
as yet been proved to exist in animals. As little are we able 
to obtain it by the artificial decomposition of albumen, but we 
know that the immediate derivatives of albumen, the col- 
lagenous substances, when decomposed either by ferments, by 
acids, or by alkalies, readily yield glycocoll. In combination 
with an acid, glycocoll also appears, as we have seen, in bile, 
as glycocholic acid. 

Hippuric acid is also constantly found in the urine of the 
herbivora, without the artificial administration of benzoic 
acid. The numerous aromatic combinations which are con- 
tained in the tissues of plants, and which in the animal body 
are converted by oxidation into benzoic acid (comp. p. 280), 
evidently yield the material for its formation. However, small 
quantities of hippuric acid may be found in the urine of dogs 

* Besiaignes, Joum. pharm. vol. xzxii. p. 44: 1857. 
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fed only upon flesh, and also daring inanition.* In this case 
the benzoic acid is formed from the aromatic radicals, which 
are contained in the proteid molecule.f 

The amount of hippnric acid contained in the urine of 
man in twenty-four hours, is generally less than 1 grm. ; 
but after the consumption of certain berries and fruits, it 
amounts to several grammes. 

The fact that benzoic acid introduced into the stomach 
reappears as hippuric acid in the urine was discovered as 
early as 1824, by Wdh]er.| This discovery was afterwards 
confirmed by numerous experiments, and excited some atten- 
tion, for it was the first synthetic process which was proved 
to occur in the animal body. Since then, a long series of 
other syntheses have been discovered in the animal body. I 
need only remind my readers of the formation of the conju- 
gated sulphuric acids and glycuronic acids, and of the forma- 
tion of glycogen from sugar. It is probable that the formation 
of albumen from peptone belongs to this category. We shall 
soon become acquainted with other synthetic processes. 

There are two reasons why these synthetic processes in 
the animal body have excited the interest of physiologists and 
chemists during the last twenty years : in the first place, these 
facts were in contradiction to the dominant doctrine of Liebig 
with regard to the universal contrast between the processes 
of tissue-change in plants and in animals; in the second 
place, the syntheses in animals are an unsolved problem 
to chemists, although it is the rapid progress in our know- 
ledge of the sjnatheses of organic combinations which consti- 
tutes the greatest triumph of modem chemistry. We are 

* E. Salkowski, Ber. d. deuUck, eltem, Oea., toI. xi. p. 500 : 1878. 

t E. and H. Salkowski, ibid., toI. xii. pp. 107, 648, 653 : 1879; Zeitstair. f. 
phygwl. Chem,^ vol. tU. p. 161 : 1882; E. Balkowski, Zeitwhr. /. phyeidl, Chem.t 
vol. ix. p. 229 : 1885. Compare also Tappeiner, Zeittehr, f, Biolog^ voL xxiL p. 
236: 1886; and B. Baas, ZeiUchr.f. physidl. Chem., toL xi. p. 485: 1887. 

X BeraelioB, ^ Lehrbnch der Chemie," translated bj Wohler, vol. !▼. p. 376 ; 
Anon. Dresden, 1831. 
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already able artificiallj to build np, atom for atom, out 
of their elements, a series of organic compounds, some of a 
Tery complicated character. We no longer doubt that all the 
rest, even the most complex, will be thus produced; it is 
merely a question of time. Still, this in no way represents 
the synthetic processes in the living cell, for all our artificial 
syntheses can only be achieved by the application of forces 
and agents which can never play a part in vital processes, 
such as extreme pressure, high temperature, concentrated 
mineral acids, free chlorine — ^factors which are immediately 
fatal to a living cell. 

Thus we have seen that the artificial synthesis of benzoic 
acid and glycocoU to hippuric acid could only be induced by 
heating both substances in a dry condition, in a closed tube, 
to a temperature of 160^ C. This implies extreme pressure, 
extreme temperature, and absence of water. The very reverse 
is the case in the animal body, where we find water in every 
tissue, and the ordinary atmospheric pressure and temperature 
in every cell. Even cold-blooded animals form hippuric acid. 
It follows that the animal body has command of ways and 
means of a totally different character, by which the same 
object is gained. An inquiry into these would be of extreme 
interest to the chemist and to the physiologist ; the former 
would thus obtain new methods for rising to still more com- 
plicated combinations, and the physiologist would be enabled 
to explain many of the most obscure processes in metabolism. 

For this reason, Schmiedeberg and I conjointly * resolved 
to study the conditions under which the synthesis of hippuric 
acid takes place in the animal body. 

In order to be able to trace benzoic and hippuric acids 
through the tissues of the animal body, we required, above all, 
a precise method for their discovery and deternunation. This 
we succeeded in obtaining after many experiments. We now 

* Bange and Schmiedeberg, Arch. f. exper. Path. u. Pharm^ toI. tL p. 233 : 
1876. 
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possess a method * which enables us to separate these acids 
from all other elements of the animal body, and to weigh 
them in a pure crystalline form, without any appreciable loss. 

We had next to determine in what organs and in what 
tissues the synthesis takes place. We naturally thought first 
of the liver. It is known that here another acid, conjugated 
with glycocoll (glycocholio acid), is formed ; besides, synthetic 
processes have often been assigned to the liver. If this view 
is correct, the removal of the liver must cause the benzoic 
acid introduced into the blood to circulate unaltered in it, and 
to pass out by the kidneys unchanged. 

This experiment could not be carried out in mammals, 
because, after ligature of the hepatic vessels, the bulk of the 
blood accumulates in the portal system, and the circulation 
in the other organs is almost entirely arrested. Dogs die 
from thirty to fifty minutes after this operation. It may be 
said that they begin to die as soon as the portal vein is tied. 

We therefore instituted our experiments in frogs. They 
bear the extirpation oj the liver very well, surviving the 
operation for three or four days. They run about during tliis 
time with almost undiminished vigour. If we introduced 
benzoic acid into the dorsal lymphatic sac, the frogs invariably 
formed hippuric acid, which was more copious when, in 
addition to benzoic acid, glycocoll was injected. Unless 
benzoic acid was injected, no trace of hippuric acid was ever 
to be found in the tissues or in the secretions of the frog. It 
follows of necessity that the liver is not the locality, at all 
events not the exclusive locality, for the formation of hippuric 
acid. 

We then thought that the synthesis might possibly occur 
in the kidney. In order to decide this, it was necessary to 
have recourse to warm-blooded animals. Dogs survive the 
ligature of the vessels of both kidneys for several hours, 
and the circulation in their other organs is not materially 

^ The method is desoribed, loc. eit.^ pp. 234-239. 
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affected. We injected gljcocoD and benzoic acid into the 
blood of dogs thus operated upon, bled them to death after 
three or four hours, and examined the blood of the liver 
and muscles for hippuric acid without ever finding a trace of 
it; we only found benzoic acid. It therefore appears that 
all the other organs together cannot, without the kidneys, 
combine glycocoU and benzoic acid^ and that the kidney is 
the locality in which the synthesis is performed. 

A sceptical critic will not be satisfied with this conclusion. 
There is still room for objection. The ligature of the kidneys 
may be regarded as so violent an operation as to produce 
direct and indirect disturbances of all kinds in all parts of the 
organism. We must, therefore, admit the possibility that 
disturbances may be produced in tissues with which we are as 
yet unacquainted, and in which the synthesis is effected. 

The hope remained that if we could show that the kidney, 
separated from other organs, was able to produce the synthesis 
by itself, we should be in a position to prove that the forma- 
tion of hippuric acid took place in that organ. This hope 
was realized. We bled a dog to death, removed the kidneys, 
added glycocoU and benzoic acid to the defibrinated blood, 
and conveyed it, under an approximately normal pressure, 
through the artery, and allowed it to flow out of the veins of 
one of the kidneys. The blood that passed out of the veins 
was returned to the reservoir, from which it re-entered the 
artery; and this process was continued for several hours. 
Hippuric acid was invariably found in the blood after its 
passage through the kidney, and in the fluid which, during 
its passage, escaped by the ureter. But in the other kidney, 
and in a portion of the blood which had not traversed the 
kidney, no trace of hippuric acid could at any time be dis- 
covered. It follows that hippuric acid was formed in the 
excised kidney.* 

* WUh. Eocba haa oonfiTmed these resolto by' a series of earefol experimeuts 
in Pfliiger's laboratory (Pflager's Arch^ vol. xs. p. 64 : 1879). 
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If we added benzoic acid without glycocoll to the blood 
that was passed through the kidney, the quantity of hippuric 
acid formed was small ; but it was considerable when glycocoll 
was mixed with it. As a matter of fact, the two ingredients 
had entered into combination, with separation of water. It 
was indifferent whether we raised the temperature of the 
kidney and the blood to the temperature of the body, or 
cooled it to that of the room. In either case the synthesis 
was effected. It was remarkable how long the excised kidney 
retained the faculty of generating hippuric acid. In one 
of our experiments we allowed the kidney to remain for 
forty-eight hours in an ice-chest. We passed the blood of 
another dog through it, which had been obtained twenty-four 
hours previously ; nevertheless some hippuric acid was formed. 

We now inquired whether the living tissue of the kidney is 
essential for the synthesis. Does the result depend upon the 
formed elements and upon a definite histological arrangement, 
or is this function of the kidney only due to its containing 
certain chemical substances ? In the latter case, it might be 
possible to isolate these substances, and then to effect the 
synthesis artificially. 

Accordingly, we destroyed the renal tissue. We chopped 
up the kidney and pounded it into a homogeneous pulp. To 
this we added blood, glycocoll, and benzoic acid, and allowed 
the mixture to stand, shaking it at frequent intervals. We 
varied the experiment, applied different temperatures, provided 
a copious supply of oxygen, but we never succeeded in finding 
a trace of hippuric acid. 

This eiq)6riment was repeated in Pfluger's laboratory by 
Kochs.* When the kidney had only been chopped up, Kochs 
discovered minute traces of hippuric acid, but if it had been 
not only chopped up, but also rubbed up ''in a mortar with 
large pieces of glass " to an almost homogeneous mass, not 
a trace of hippuric acid was to be found ; nor was it met with 

* Wilhelm Koohs, 2oc. cU^ p. 70, et seq. 
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when the kidney, before being chopped up, had been frozen 
at - 20^ C, and thawed at 40°. 

These experiments appear to prove that the synthesis is 
due to the living cells of the kidney, and not to one of its 
chemical components. 

We now inquired whether the blood-corpuscles are essential 
for the production of the synthesis. We therefore conducted 
serum which had been deprived of all cells by the centrifugal 
machine, together with glycocoU and benzoic acid, through 
the excised kidney. In this case no hippuric acid was 
formed. It follows that the blood-corpuscles also take an 
active part in the synthesis. 

We now proceeded to inquire into the part played by 
the blood-cells in this process, ai^d to determine whether they 
only act as oxygen-carriers ? 

In order to decide this question, Schmiedeberg and Arthur 
Hoffman * conducted blood mixed with glycocoll and benzoic 
acid, and in which the oxygen had been replaced by carbonic 
oxide, through the kidneys. The result was that no hippuric 
acid was formed. The blood-cells, therefore, also act as 
oxygen-carriers in the synthetic process, but whether they 
have only this function remains uncertain. It may be objected 
that the carbonic oxide, besides driving out the oxygen, has 
a toxic effect on the renal cells. The following experiment 
of Schmiedeberg and Hoffmann goes to prove that certain 
poisons do deprive the cells of the power of effecting syntheses. 
They conducted blood, to which, besides glycocoll and benzoic 
acid, quinine had been added, through the kidneys. Only 
a very small quantity of hippuric acid was subsequently 
found. It is known, from the investigations of C. Binz,t that 
quinine arrests the amoeboid movements of the cells. The 
same influence that kills the cell likewise deprives it of the 
capability of bringing about syntheses. Here again we are 

* Arthur HofihiaQ, Areh. /. exper. Paih. u» PAarm., toI. yii. p. 289 : 1S77. 
t C. Binz, Arch. /. mikr. AwU^ vol. iii. p. 888 : 1867. 
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confronted with the old problem, the life of the cell, a term 
of whose meaning no one has any conception. 

And such has hitherto been the case in every physiological 
investigation. The more closely we regard any problem of 
life, the more it seems to recede into obscurity. The mystery 
is still unsolved when we come to the microscopic cell, 
which may be regarded as the limit of histological inquiry. 
The most simple cell has all the essential functions of life — 
nutrition, growth, propagation, movement, sensation ; it has 
also those incomprehensible qualities which bring about 
synthesis in the organism {vide supra, pp. 8-6, 8-11, 108, 
164, 174 ; and infra Lecture XVII.). 

With regard to the locality where hippuric acid is formed 
in the animal body, I would add that its exclusive formation 
in the kidney is only proven in the case of the dog. 
Schmiedeberg and I have already shown that frogs form 
hippuric acid even after extirpation of the kidney. Salomon * 
discovered subsequently that certain mammals do not form 
hippuric acid exclusively in the kidney. Salomon, after giving 
benzoic acid to rabbits which had been deprived of their 
kidneys, found abundant hippuric acid in their blood, muscles, 
and liver. 

But, as already mentioned, a very inconsiderable portion 
of the nitrogen in human beings is eliminated as hippuric 
acid. The bulk of it, in man and mammals, appears in the 
urine as ubea. The amount of urea excreted is therefore 
regarded as a standard of the consumption of proteid in the 
body. The greater portion of nitrogen is introduced in the 
form of proteid. Nearly half the weight of urea consists of 
nitrogen. The 100 grms. of proteid daily used up by one 
person contain about 16 grms. of nitrogen, to which 34 grms. 
of urea correspond. This is about the quantity found in a 
man's urine during twenty-four hours. 

The constitution of urea is known. Its formation from 

* Salomon, Zeit$ekr. /. physid, Chem., vol. iii p. 365. 
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carboxyl chloride (GOCI2) and ammonia, as well as from 
ethyl carbonate and ammonia, undoubtedly shows that urea 
should be regarded as the amide of carhjuirt Itcid, carbamide 
[CO(HN2)2]. On heating with acids or alkalies or by the 
action of ferments, urea passes into carbonate of ammonia, 
simultaneously taking up two molecules of water. Urea is a 
neutral compound, capable of crystallization and very readily 
soluble in water. 

How does urea arise from proteid, And what are the inter- 
mediate stages? A recapitulation of our previous remarks 
on the changes of proteid in the body may not be. out of place 
here. It was shown that proteid was converted by the diges- 
tive ferments into peptones ; that the peptones are probably 
products of decomposition ; and that, by continued action of 
the digestive ferments, or of other ferments of decomposition, 
a part of the nitrogen is split off in the form of amido-acids, 
as amido-caproic acid or leucin [C6Hio(NHa)GOOH], as tyrosin, 

an aromatic amido-acid ^CeH4-| ng /MH-xpnAH y» *^^ *^ 

amido-succin^|miid, or aspartic acid* [C!aH3(NH2)(COOH)8]. 
The proteids al|o give the same products of decomposition 
on boiling withracids or with alkalies.f We have, moreover, 
seen that a nortion of the albumen is converted in the 
animal bodvnnto collagenous substances, which, under the 
same con^^Ans as the proteids, produce amido-acids, and 
especially leucin and glycocoll4 

* Radziejewski and E. Salkowski, Ber. d, deut$€h, ehem, Ges.^ vol. rii. p. 
1050 : 1874 ; W. von Knierieni, Zeit$chr,J, BioHog,, vol. L p. 198 : 1875. 

t Hlasiwetz and Habermann, Ann, d. Chem. u. Pharm.t vol. clxix. p. 150 : 
1878 ; £. Schnlze, J. Barbieri and £. Bossard, ZeiUehr, /. phyricH. Chem,, vol. iz. 
p. 63 : 1884 ; £. Schulze und £. BoBsaid in same journal, vol. x. p. 134 : 1885 ; 
M. P. Scfailtzenberger, BuU, de la SociiU Mm., vol. xxiiL pp. IGl, 193, 216, 242, 
385,433; vol. xxiy. pp. 2, 145: 1875; vol. xxv. p. 147: 1876; Schutzenberger 
et A. Bourgeois, Compt. rend,, vol. Ixxxii. p. 262 : 1876. Compare also B. Maly, 
Sitzungtber. d, k, Akad, d. TT. {n Wien., Math. nat. CI., vol. zd. part ii., Feb. 
1885; voL xoviL part ii., March, 1888; and vol. zcix. part iL, Jan. 1889. 

X Nenoki, ** Ueber die Zersetzung der Gelatine and dee Biwcissea bei der 
Faalnln out Pankzeaa : " Berlin, 1876. 
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These facts led to the supposition that the amido-acids 
were the precursors of area. Schultzen and Nencki * proved 
its correctness by the following experiments : they ad- 
ministered glycocoU to dogs, and found that these compounds 
did not reappear in the urine, but that there was a corre- 
sponding increase of urea. Salkowski^f on repeating these 
experiments, fully confirmed these results. Enieriem t showed, 
by a similar method of research, that aspartic acid is also 
converted into urea. 

But even these facts tend but little to the elucidation of 
the origin of urea. It is only the smallest part of urea which 
can be formed from amido-acids. This is seen by a glance 
at the empirical formula of proteids. We have shown (p. 60) 
that the following formulsB may be deduced from the most 
reliable analyses of the purest preparations of albumens. 

Egg albumen ... ... ... ... GaMH322N620eeS2. 

Proteid in hsamoglobin from horse ... G680H1096N210O241S2. 

Proteid in haemoglobin from dog ... G726HiinNi9402i4S3. 

Globulin from pumpkin seeds ... C292H481N90O8SS2. 

We see that there is not nearly sufficient carbon in the 
proteid to permit of all the nitrogen issuing as an amido-acid. 
In the various kinds of proteid, from three to four atoms of 
carbon go to one atom of nitrogen; in aspartic acid, four 
atoms of carbon to one of nitrogen ; in leucin, six ; and in 
tyrosin, as many as nine. GlycocoU, indeed, contains only two 
atoms of carbon to one of nitrogen. But it is questionable 
whether it is this amido-acid which is formed in especially 
large quantity from the proteid in the animal body. As 
stated, it cannot be obtained from the proteid outside the 
organism, but only if the proteid has been previously changed, 
by the vital process in the animal, into a collagenous sub- 
stance ; and it is only the smallest portion of the albumen 

* SohultKen and Kencki, Zeittehr*/. Biolog., vol. viiL p, 124 : 1872. 
t £. BalkowBki, ZeiUckr.f. physioL ChenL, vol. iy. p. 100: 1879. 
t W. Von Knieriem, ZeiUchr. /. Biolog., vol. x. p. 279 : 1874. 
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of nntriiion which undergoes this conyersion. It must also 
be taken into consideration that the proteid in the animal 
body also yields products of decomposition free from nitrogen, 
and very rich in carbon. What foDows wiU make it apparent 
that fat and glycogen can be formed in the animal body from 
proteid. We are thus obliged to conclude that the largest 
portion of the nitrogen is split off from the proteid molecule 
as a compound containing very little carbon. 

It is possible that a part of the urea in the animal body is 
separated directly from the proteid as a neutral compotmd. 
But it is also possible that ammonia and carbonic acid split 
off from the proteid, subsequently combining, with elimination 
of water, to form urea. This would be a process completely 
analogous to that involved in the formation of hippuric 
acid. As monobasic benzoic acid unites with a molecule of 
a substituted ammonia (glycocoll), losing one molecule of 
water, to form hippuric acid, so dibasic carbonic acid unites 
with two molecules of ammonia, losing two molecules of 
water, to form urea : ^. 

/OH ' ^^ /NHg 

C = +2NH3-2H«0 — C = 
\0H XNHa 

The conversion of the amido-acids into urea may be thus 
represented: they are first split up and oxidized into car- 
bonic acid and ammonia, and in this state yield the elements 
necessary to form urea. In any case, we have to deal with 
another synthetic process, for the leucin and glycocoll contain 
but one atom of nitrogen in the molecule, whereas, urea has 
two. 

The supposition that carbonate of ammonia was the 
antecedent of urea was based upon the following observations 
of Buchheim and his pupil Lohrer.* The latter took 8 grms. 
of ammonia in the form of citrate, expecting that it would 

* JttliuB Lohrer, " Ueber den Uebergang der Ammoniakaalxe in den Harn,** 
Inang. Duiert : Dorpai, 1802, pp. 86, 87. 

T 
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behave in the body like citrate of potash or soda, which 
are known to pass into the nrine as carbonates of potash or 
soda, and to render the nrine alkaline. But this did not 
happen. The urine remained acid. The carbonate of am- 
monia formed must, therefore, have been converted into a 
neutral compound. It was readily assumed that urea had 
been formed. 

In order to decide the question whether ammonia is con- 
verted in the animal body into urea, careful experiments on 
the metabolic changes were made by Eiiieriem * on dogs 
and on human beings, and by Salkowski f on dogs and on 
rabbits. The experiments made on rabbits gave results which 
were quite unambiguous : after the administration of chloride 
of ammonia, the excretion of ammonia was scarcely in- 
creased at all, whereas that of urea was increased. The 
experiments on human beings and on dogs did not show so 
unequivocal a result Part of the ammonia appeared un- 
altered in the urine, and it remained doubtful whether the 
extra excretion of urea was to be ascribed to the ammonia ad- 
ministered, or to an indirect increase of proteid-decomposition 
produced by the ammonia. This difference in its action in 
rabbits compared with human beings and dogs may be 
explained as follows. The hydrochloric acid of the chloride 
of ammonia introduced, by its strong affinity for ammonia, 
prevents the union of the latter with the carbonic acid to form 
urea. Now, in the organism of herbivora this hindrance is 
overcome, because the vegetable food yields an alkaline ash ; 
carbonate of potash is also formed in the organism by com- 
bustion; this, together with the chloride of ammonia, is 
converted into chloride of potash and carbonate of ammonia, 
which latter is changed into urea. The mixed diet of 
human beings and of dogs in Knieriem's and Salkowski*s 
experiments would necessarily give a feebly acid ash; the 

^ Yon Enieriem, ZeiUohr. /. Biolog., vol. z« p. 263 : 1874. 
t E. SaUcowaki, Zeii$ehr. f, ]»hyti6L Chm^ vol. i. p. 1 : 1877. 
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conversion of the ammonia into urea was, therefore, not so 
complete. Feder,* who experimented with chloride of am- 
monia upon fasting dogs, recovered all the ammonia from 
the urine. For the fasting dog is nourished by some of the 
proteid of its tissues, and a great deal of sulphuric acid is set 
free. This prevents the ammonia from uniting with the car- 
bonic Acid. Fr. Walter f and Coranda t showed the excretion 
of ammonia to be considerably augmented in dogs and in man 
after the administration of hydrochloric acid. The latter 
impedes the normal formation of urea. The administration 
of carbonate of soda diminishes the normal excretion of 
ammonia.§ For this reason the experiments on the forma- 
tion of urea were repeated in Schmiedeberg's laboratory, H but 
the ammonia was not administered in combination with strong 
mineral acids, but simply as carbonate. The dog swallowed 
the carbonate of ammonia, wrapped in meat, readily enough ; 
in this manner 8 grms. NH3 were administered to the animal 
on two successive afternoons. The excretion of ammonia in 
the urine was not found to be augmented, but there was an 
increase of urea, and the urine remained acid. Thus there can 
be no doubt that carbonate of ammonia is converted into urea. 
Hoppe-Seyler H and Salkowski *♦ have arrived at other 
views concerning the origin of urea. They regard cyanic 
acid as the immediate precursor of urea, and Drechsel ft con- 



* Feder. ZeU9chr. /. Bkihg.^ toI. ziii. p. 256: 1877. 

t Fr. Walter, Arch. f. exper. Path. u. Pkarm., vol. vU. p. 148 : 1877. 

X Coranda, ibid., toI. xii. p. 76 : 1880. 

§ Mnnk, Zcitichr, /. physiol. chem., vol. ii p. 29 : 1878 ; E. HaJlorvorden 
Ardt, f. exper. Path. ti. Pharm., yoI. z. p. 124 : 1879. 

II Hallenrorden, loe. cit,, vhose reaulti^ have been confirmed by Feder and 
Voit, Zeitachr.f. Biolog., vol. xvL p. 177 : 1880. 

% Hoppe-Seyler, Ber. d. deutseh. ehem, Oea.^ vol. viL p. 34: 1874; and 
''PhysiologiBche Chemie,** pp. 809, 810: Berlin, 1881. 

** E. Salkowski, Centralb, /. d. med, Wiuensch., p. 913 : 1875 ; Zeiisohr. f 
phynoL Chem.^ vol. i. pp. 26-42 : 1877. Compare also Schmiedeberg's objeotions 
in the Aroh. /. exper. Path. u. Phana,^ vol. viil. p. 4,€i teq. : 1878 ; and Schroder's, 
ibid., vol. XV. pp. 399, 400 : 1882. 

tt E. Dreohsel, Ber. d. 9aeh%, Qe$, d. TFwseiMeA,, p. 171 : 1875 ; Joum. f. prakt. 
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aiders that urea arises from carbamate of ammonia. This 
last opinion is not at variance with the idea that nrea 
originates in carbonate of ammonia. For carbamate of 

ammonia I C = I stands midway between carbonate 

\ ^0{NH4)/ 

of ammonia ( C=0 ) and urea I C = ). By 

eliminating one molecule of water/ carbonate of ammonia 
yields carbamate of ammonia; by elimination of a second 
molecule, urea. As it would lead me too far to enter into 
these theories at greater detail, I refer the reader to the 
interesting original works that deal with the matter. 

The most complete and reliable researches as to the 
locality in which urea is generated haye been made by 
W. von Schroder.* He extirpated both kidneys in a dog, 
and took a little blood from the carotid immediately after 
the operation. The dog was bled to death twenty-seven hours 
afterwards. The quantity of urea in each sample of blood 
was determined.f In the first case it amounted to 0*6 per 
thousand; in the second, to 2 per thousand. The urea in the 
blood is, therefore, increased fourfold by the extirpation of the 
kidneys, and it follows that the kidneys cannot be the only 
place where urea is formed.^ 

Chm^, N, F^ vol. xil. p. 417: 1875; vol. xvi. pp. 169, 180: 1877; vol. xxii. p. 
476 : 1880. Compare aleo the objectiouB raised by Franz HofmeiBter, PflOger's 
Areh.^ voL xii. p. 337 : 1876. 

* W. von Bobroder, Arch, /. exper. Path, u. Pharm., voL zv. p. 864 : 1882 ; and 
vol. xix. p. 878 : 1885. 

t What renders Schroder's researohes so valuable, and raises them far above 
those of his predecessors, is the admirable care with which the methods of deter- 
mining the urea were controlled and carried out. In the decisive experiments 
the nrea was weighed in pure crystals, which were subsequently analyzed to teat 
their purity. The method is described loc, cU.^ pp. 867-377. 

t The results of previous work are in harmony with this, especially those of 
Provost and Dumas in the Ann. de chim, et de pky*.^ vol. xxiii. p. 90 : 1823. An 
account of the earlier literature is given by Voit, Zeilschr, /, Biolog,^ voL iv. p. 
116» St aeq.: 1868; and by Schroder, loc eit., pp. 864, 365. 
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Bat the possibility still remained that nrea was formed in 
the kidney as well. Schroder therefore conducted blood, to 
which carbonate of ammonia had been added, throagh the 
kidneys that had been excised. The amount of urea in the 
blood remained the same, both before and after it had been 
passed through the kidneys* As the formation of urea from 
carbonate of ammonia is a process entirely analogous to that 
of the formation of hippuric acid from glycocoU and benzoic 
acid, and as the excised kidney still brings about the latter 
synthesis, this experiment renders it extremely probable that 
carbonate of ammonia does not, in normal conditions, undergo 
conyersion into urea in the kidneys. 

Urea is, therefore, not formed in the kidneys, but merely 
excreted by them. But where is it formed ? As the muscles 
constitute 40 per cent, of the whole weight of the body, it was 
natural to think of them first. The combination, which 
forms the b^ulk of the nitrogenous end-products, might arise 
in the muscles. Schroder therefore conducted blood impreg- 
nated with carbonate of ammonia through the hind-quarters 
of a dog which had been bled to death. The blood was 
introduced into the abdominal aorta, below the renal arteries, 
and flowed out of the vena cava inferior. In one of the 
experiments, ljfc OQr>o , omgi.L :of blood (40 litres) was allowed 
to pass through in four hours and three-quarters. During 
the first four hours the limbs moyed spontaneously, obviously 
from the stimulation to the spinal cord ; its irritability con- 
tinued to the end of the experiment. If one electrode was 
inserted into the spinal cord and the other applied to the leg, 
tetanus ensued. A part of the spinal cord evidently preserved 
its vitality, for stimulation of one leg produced contraction of 
the other. But the amount of urea in the blood was exactly 
the same before and after the passage of the blood. The 
conclusion, therefore, is that no urea is formed from carbonate 
of ammonia in the muscles and tissues of the body ; unless, 
indeed, the objection were raised that the extremities which 
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showed BO remarkable a retention of many properties of 
vitality shoald not be regarded as being under normal con- 
ditions. 

The liver was the next organ to be thought of. It was 
to be expected that large quantities of urea could only be 
formed in a large organ. There are various reasons for 
believing that extensive processes of tissue-change go on in 
the liver, the largest of the glands. Schroder, therefore, 
conducted blood containing carbonate or formate of ammonia 
through the liver. The organ was removed from a small 
dog, whose blood was mixed with that of a large dog. The 
blood was introduced into the portal vein, and flowed out of 
the vena cava above the - diaphragm. The hepatic artery 
was closed. After the blood had been allowed to pass for from 
four to five hours, the urea was found to amount to between 
double and treble the previous quantity. If blood was con- 
ducted through the liver without any carbonate of ammonia, 
the amount of urea increased but little, and then only in those 
experiments in which the liver and the blood were taken 
from dogs while digestion was going on. If the blood and 
liver were removed from fasting dogs, and carbonate of 
ammonia was not mixed with the blood, no urea was formed ; 
but this occurred directly carbonate of ammonia was added. 

These results of Schroder's have been confirmed by 
Salomon,* who made his experiments on herbivora (sheep) 
as well as on dogs. 

The synthesis of carbonate of ammonia into urea, therefore, 
takes place in the liver. 

Even this knowledge, however, does not advance our 
acquaintance with the precursors of urea. The antecedents 
of the small amount of urea obtained by passing through the 
liver blood which had been taken from dogs during digestion, 
are still unknown. In all the other experiments, the ante- 
cedent (carbonate of ammonia) was artificially introduced. 

* W. Salomon, YJrohow's Arch.^ vol. xcvii p. 149 : 1884. 
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What justification is there for the eondasion that carbonate 
of ammonia is also normally the precursor of urea ? 

Schroder based his views on this subject upon pathological 
facts. If normally urea really arises in the liyer from 
carbonate of ammonia, we should expect that in diseases of 
the liver the formation of urea would be arrested, and that 
a portion of the precursors would pass unchanged into the 
urine. We should especially anticipate this in cirrhosis of 
the liver, when the specific hepatic cells are pressed upon by 
the encroaching connective tissue, become atrophied, and in 
great part disappear. 

The above assumption has been confirmed by observation. 
Investigators have found that in interstitial hepatitis, the 
elimination of ammonia is increased both absolutely and 
relatively in proportion to the excretion of urea.* Healthy 
people eliminate from 0*4 to 0*9 grm. of ammonia in twenty- 
four hours, and in cases of cirrhosis it rises to 2'5 grms. 
(vide seq,, pp. 844, 845). 

It is thus rendered probable that part of the urea does 
arise normally from carbonate of ammonia, but the actual 
quantity is not yet known. It is possible that the bulk of 
the urea takes its origin from another source. 

In our previous ' remarks on the precursors of urea, no 
notice has been taken of a proteid product of decomposition 
which is very rich in nitrogen, Le. obbatin. And yet creatin 
is important, as no other nitrogenous end-product of meta- 
bolism occurs in so large a quantity in the body. Only very 
small quantities of urea (of which from 80 to 40 grms. pass 
daily into the urine) are at all times found in the body. The 
total blood contains at most 2 grms., and it could not be 
detected in muscle. Whereas creatin, 6t which only from 
0*5 to 2*5 grms. per diem pass as such, or as creatinin, 
into the urine, is found in the muscles alone, to the extent of 

* Hallenroiden, Areh. /. Mpar. Paih. «. P&arm., toI xiL p. 237: 1880; 
SUdelmann, DeuUeh. Arch,f. Uin. Med., Tol. zxxUi. p. 526 : 1888. 
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about 90 grms. This fact renders it probable that creatin 
is converted into urea, and thus passes into the urine. This 
view has been held by many physiologists, but the following 
observation seemed opposed to it. It was found that crea- 
tin, introduced into an animal, reappears in the urine either 
unaltered or, consequent upon the loss of one molecule of 
water, as creatinin.* Hence it was inferred that creatin 
could not be one of the antecedents of urea. But this 
inference is incorrect; because the creatin introduced into 
the stomach or direct into the blood remains unaltered, it 
does not follow that the creatin formed in the muscles 
behaves in the same way. It is quite impossible for us 
artificially to introduce substances to the part where they 
would be decomposed in health. The muscular fibres with- 
draw from the blood nutritive substances only, and throw off 
the end-products in an opposite direction. It is, therefore, even 
d priori unlikely that creatin, when artificially introduced, 
would enter the muscle and be decomposed. It must be 
noted that it is not only possible, but probable, that the large 
amount of creatin formed in muscle becomes fmiiher split 
up and, when converted into urea, given off to the blood. 
It is true that urea cannot be detected in muscle. Liebig, in 
his celebrated work on meat, says, " I think that I should be 
able to detect urea in meat-juice, if only one-millionth were 
present." t But it does not, therefore, follow that urea is not 
formed there. It is quite possible that it is formed in the 
muscle, but that it is immediately carried off into the blood- 
current. 

I have already given the reasons for my view that the 
combination into which the bulk of the nitrogen in the 
proteid molecule splits up, is very poor in carbon. Creatin 



* G. MdsBner, ZeiUehr. f. rat, Med., yoL zxiv. p. 100 : 1865 ; vol. zzri p. 225 : 
1866; YoL xzxi p. 283: 1868; 0. Voit, Zeit$ehr. /. Biolog., yoi. It. p. 11} : 
1868. 

t Liebig, Ann, d. Chem, tk Pharm., yqL Ixii p. 868: 1847. 
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answers to this deseription ; it contopins only four atoms of 
carbon to three of nitrogen. 

The composition of creatin has been thoroughly known 
since Volhard and Strecker succeeded in producing it syn- 
thetically. Volhard * heated an alkaline solution of sarcosin 
(methylglycocoU) and cyanamide to 100** C. for a few hours 
in a closed vessel. On cooling, creatin crystallized out. 
Strecker went still more simply to work. If he allowed a 
saturated watery solution of sarcosin, with the requisite 
amount of cyanamide and a few drops of ammonia, to stand 
in the cold, a large quantity of creatin was obtained.t 

The constitution of creatin may be more readily under- 
stood from a comparison of the composition of guanidin, 
which is quite analogous to creatin both in synthesis and in 
decomposition. Creatin is a substituted guanidin. 

/NH2 /H /NHg 

C = N + N-H= C = NH 

Cyanamide. Guanidm. 

/NHo /CHo /NHjj 

C = N + N-H =C = NH 

Cyanamide. VCH^ - COOH \ p„ 

Sarcosin. <Ch' COOH 

Creatin. 

The analysis corresponds to the synthesis. On boiling 
with baryta water, the guanidin again splits into ammonia 
and cyanamide. But the cyanamide takes up one molecule 
of water and passes into urea^ In the same way creatin 
breaks up into urea and sarcosin, a substituted ammonia. 
The close affinity of creatin to urea, and the possibility of its 
conversion into the latter, is thus amply proved. 

Creatin is a neutral compound. By elimination of one 

* Yolbaid, SUtufUfiber. d. MUnoh, AJcad,, yoL ii. p. 472 : 1868 ; ot ZeOsehr. /. 
Chem,, p. 818 : 1869. 

t Strecker, Jahretiber. Uber Fort^chr. d, Chem., note to p. 686: 1868. Vida 
also Horboozewski, Wien. med. Jdhrb,, p. 459 : 1885. 
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molecule of water , it passes into a strong base — creatinin. 
This conversion is readily effected in an acid solution ; 
creatin is as readily reformed by an alkaline solution. In 
conformity with this, the small amount of creatin daily 
excreted through the kidneys occurs chiefly as crefbtinin in 
acid urine, and as creatin in alkaline urine.* 

Uric acid is the only nitrogenous end-product, which 
leaves the body in any quantity, that remains for our dis- 
cussion. 

The amount of uric acid excreted in twenty-four hours 
varies greatly in the case of human beings. It depends upon 
the nature of the food. With a purely vegetable diet it 
amounts from 0*2 to 0*7 grm., and with a full meat diet 
it rises to 2 grms. and more. These differences cannot be 
explained merely by the varying amount of proteid in the 
food, for the proportion of uric acid to urea and to the total 
amount of nitrogen varies greatly. For instance, I found 
that the proportion of urea to uric acid in twenty-four hours 
in the urine of a healthy young man, when eating nothing 
but bread, = g^^ = 82; and when living on meat, = ^^4^ = 48. 
Uric acid is sometimes entirely absent from the urine of 
carnivorous animals, such as cats and dogs, and only a trace 
is generally found in the urine of herbivora. The bulk of the 
nitrogen, however, appears in this form in the urine of birds 
and reptiles. 

Uric acid has the composition CsH^NiOs. One of the four 
hydrogen atoms is easily replaced by metals. If the uric acid 
be dissolved in a solution of sodium carbonate, the com- 
bination CsHaNaN^Os is obtained. This combination is termed 
an acid urate. On dissolving in free alkalies, a second 
hydrogen atom is replaced by the alkaline metal. This 
combination is called a neutral urate. It is not known 
whether it occurs in the animal body. 

Uric acid and all its ''acid salts" are with difficulty 

 Voit, Zeittehr.f. BiOog., Tol. iv. p. 115 : 1868. 
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soluble in wafer. It is important, from a physiological and 
pathological point of view, to be accurately acquainted with . 
the various degrees of solubility. It is weU known that in 
disease, uric acid and urates may be eliminated from the 
fluids of the body, and become stored up in the joints and 
other organs and tissues, or that they may be excreted from 
the urine in the tubules and pelvis of the kidney and in the 
bladder. The painful symptoms of what are known as the 
uric acid diathesis and gout are due to this. It is, therefore, 
highly interesting to know under what conditions uric acid is 
soluble, and under what circumstances it is precipitated. 

A gramme of free uric acid requires for its solution, at the 
temperature of the room, about 14 litres of water ; at boiling 
heat, nearly 2 litres ; and at the temperature of the body, from 
7 to 8 litres.* The acid sodium urate dissolves in 1100 parts 
of cold and 124 of boiling water. Ammonia salt and the salts 
of the alkaline earths are much less soluble. 

Sometimes as much as 2 grms^ of uric acid are entirely 
dissolved in the normal urine, the volume of which in twenty- 
four hours ordinarily amounts to from 1600 to 2000 e.cms. It 
cBinnot be dissolved as a free acid, for, as we have just seen, 
2 grms. of free uric acid require 16 litres of water at the tem- 
perature of the body, or ten times more than actually suffices 
foi' its solution. We must, therefore, assume that the uric 
acid is dissolved as an alkaline salt. But this is opposed to 
the following fact : if clear acid urine be allowed to cool to 
the temperature of the room, the greater part of the uric 
acid usually separates out as a free acid in large and beautiful 
crystals, which are coloured brown by the colouring matter 
brought down with it. The weight of the crystals obtained 
from the normal urine of twenty-four hours may amount to 
as much as 1 grm. How is this to be explained ? If 2 feire^i. rj} J i\o 

^ As so acoouDt, so far m I know, has ever been given of the solnbnity of 
nrio acid at the temperatnre of the body* I have made two determinations, vary- 
ing between 85^ and 40^ G. : 1 gmL of nric acid required 7680 corns, of water in 
the first experiment, in the second 7320 corns., for solution. 
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of uric acid solution^ saturated at the temperature of the 
body, be allowed to cool, only about 1 decigrm. of uric aoid 
appears ; how, then, can it reach ten times that amount ? 

The explanation is as follows. If, at the temperature of 
the body, a saturated solution of acid urate of soda, with a 
neutral reaction, be mixed with a solution of acid phosphate 
of soda (NaHaPOi), with an acid reaction, the mixture will 
prove acid. But if it be left to cool at the temperature of 
the room, the reaction becomes alkaline, and free uric acid 
crystallizes out. The mass-influence of the uric acid is 
diminished by cooling, because fewer of its molecules are dis- 
solved in the unit of space. The mass-influence of the phos- 
phoric acid becomes relatively^ stronger. This acid, therefore, 
takes possession of the sodium of the uric acid, and passes 
into the alkaline salt NaaHPOi. If the solution be heated 
a&esh, the uric acid crystals redissolve, and the solution now 
yields an acid reaction. The uric acid in acid urine, which is 
always rich in phosphates of the alkalies, behaves in exactly 
the same way. It can be proved that, on cooling the acid 
urine, the acidity decreases in proportion as the uric acid 
crystallizes out. When raised to the temperature of the 
body, the crystals redissolve.* 

The phosphates of the alkalies thus play the same part in 
the solution of the uric acid that they do in the absorption of 
the carbonic acid in the blood and in the tissues (pp. 287, 288). 

It is doubtful whether the solution pjid elimination of the 
uric acid is to be thus explained in all cases. The acidity of 
the urine is occasionally found to be increased after the 
elimination of uric acid.t It is possible that acids split off 
from neutral combinations by fermentation, or that dibasic 
arise from monobasic acids by decomposition. This process 
may at times be even completed within the urinary passages, 

* Vide Voit and Hofmann, « Ueber das Zustandekommen der Ham^uresedi- 
mente," SUiungtber, d. hayr, Akad.^ vol. xi. p. 279 : 1867. * I have confirmed Voit 
and Hofinann's aocotint by numeions ezperimentB. 

t BartelB, DenUek. Arek^f. hUn. Med., vol. i. p. 24 : 1866. 
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the oonseqnence being that uric acid is precipitated. We are 
as yet far from having obtained a satisfactory explanation of 
the manner in which the solution of uric acid is effected. 

> If the urine be only feebly acid or alkaline, as it is fre- 
quently with a vegetable or mixed diet, no free uric acid will 
be deposited on cooling ; but if the urine be concentrated, acid 
urate of soda will be precipitated. This appears in exceed- 
ingly fine round granules, which, like the free uric acid, are 
brown or red-brown, owiug to the colouring matter brought ' 
down with them ; this is found at the bottom of the vessel, 
and constitutes what is known as lateritious sediment. 

The uric acid sediment was formerly employed as a guide 
in diagnosing disease, but was very misleading. For instance, 
it was incorrectly assumed that an increase of sediment 
meant an increase of uric acid secretion. We have seen that 
the elimination of uric acid depends not only on its absolute 
amomit, but also on the concentration and acidity of the 
urine.* But it appears to depend on other conditions as well. 
It is often found that urines which deposit crystalline uric 
acid are neither richer in uric acid nor more concentrated ; 
nor do they contain more free acid than others which remain 
clear or deposit urates, t 

It is conceivable that uric acid circulates in the fluids of 
the body as a readily soluble compound with an organic 
substance, which appears in the urine, and is then split up 
by a fermentative process. If this happens in the organs or 
within the urinary passages, gouty concretions and vesical 
calculi are formed. At any rate, no increased formation of 
uric acid has hitherto been found in gout and in the uric 
acid diathesis. There is even less uric acid eliminated during 
an attack of gout.t 

^ Oompare Botho Schetibe» ArdKf, BeOkundef toL zvi. p. 185 : 1876. 

t Bartels, he. eit, p. 28. 

X Garrod, ^ The Nature and Treatment of Gout : " London, 1859. An aooonnt 
of the literature on gout is giTen in the monogiapn of Ebstein, '* Die Katnr und 
Behaadlang der Gioht : " Wiesbaden, 1882. 
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Besides, there is the important fact that a large amount 
of hydrochloric acid is necessary in order to separate the 
uric acid from the urine for quantitative analysis, and that 
even then it separates very slowly and incompletely, and 
sometimes not at all, in spite of its being present in abun- 
dance.* This fact likewise argues that, at any rate, not all 
the uric acid is simply dissolved in the urine as a salt. 

The chemical constitution of uric acid has not yet been 
satisfactorily ascertained, although a -large number of eminent 
chemists have sought to solve the question,! and although the 
synthesis of uric acid has been successfully accomplished. 

Among the numerous analyses of uric acid, which have 
been made with the greatest care, the following is of peculiar 
physiological interest, because the products obtained play an 
important part in the animal economy. 

Strecker X showed that uric acid, when heated with concen* 
trated hydrochloric acid in a closed tube to 170° C, splits up, 
with hydration, into glycocoU, carbonic acid, and ammonia : 

C5H4N4O3 + 5H2O = CHa(NH,)COOH + 8CO2 + SNHa- 

Strecker thought that uric acid would, while taking up only 
two molecules of water, break up first iato glycocoU and three 
molecules of cyanic acid : 

C6H4N4O3 + 2H2O = CH2(NH2)COOH + 3C0JIH. 
It is well known that cyanic acid, on coming in contact with 

• Salkowski, Pfluger'B Arch,, vol. t. p. 210: 1872; l^laly, ibid., vol. vL p. 
201 : 1872. 

t Wohler, PopgendorflTg Annal., vol. xv. p. 119 : 1829; Liebig, ibid., vol. xv. 
p. 569: 1829; and Ann. d, Chem. u. Pharm., vol. v. p. 288: 1833 ; WShler and 
Liebig, Ann, rf. Chem. u. PJMrm., vol. xxvi. p. 241 : 1838; Adolf Bneyer, ibid., 
voL cxxvii- pp. 1, 199: 1863; Strecker, ibid., vol. cxlvi. p. 142: 186S; and vol. 
civ. p. 177: 1870; Kolbo, Ber. d. deutwh. Chem. Qes., vol. iii. p. 183: 1870.. 
AmoDg the latest works on the constitution of uric acid may be mentioned L. 
Medicu3« Ann. d. Chem. ft. Pharm., vol. clxxv. p. 230 : 1875 ; Hill, Ber. d. denUch. 
chem, Oe8., vol. ix. p. 370: 1876; and vol. xi. p. 1329: 1878; Horbaczewski, 
SUzungther. d. Wien. Ahad., vol. Ixxxvi. p. 963 : 1882 ; or Monatshefte /. Chem.^ 
vol. iii p. 796: 1882; and vol. vi. p. 356: 1885; and EmU Fischer, Ber. d. 
deutseh. ch&m. Ge$., vols, i., xvii.» pp. 828, 1776 : 1884. 

t Strecker, Liebig's Annal, voL cxlvL p. 142 : 1868. 
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water, is at once converted into carbonic acid and ammonia. 
I may remind my readers that the watery solution of cyanate 
of potash effervesces with acids like a carbonate. 

Strecker therefore regarded uric acid as a compound 
analogous to hippuric acid. As hippuric acid is a glycocoU 
conjugated with benzoic acid, so uric acid is a glycocoll 
conjugated with cyanic acid. 

The synthesis of uric acid, which Horbaczewski * suc- 
cessfully accomplished in E. Ludwig's laboratory in Vienna, 
exactly corresponds to the decomposition observed by Strecker. 
Horbaczewski obtained uric acid by melting glycocoll and urea 
together at from 200 to 280'' C. It is well known that, on 
heating urea, ammonia volatilizes and cyanic acid is formed : 

V^NHa 

C = -NH3=C0NH. 
\NHa 

Thus if urea be melted with glycocoll, nascent cyanic acid is 
allowed to act on the glycocoll ; one decomposition- product of 
the uric acid in a nascent state acts upon the other. This 
might, a priori, be expected to develop uric acid. 

The following physiological fact observed by Wohler 
appears to harmonize with these results of decomposition and 
synthesis. Wohler t found uric acid, but no hippuric acid, in 
the urine of sucking calves, so long as they consumed nothing 
but milk. But as soon as they passed on to vegetable food, 
the uric acid disappeared, and hippuric acid was substituted. 

It thus appears that the benzoic acid arising from vege- 
table diet seizes upon the glycocoll and prevents the synthesis 
of uric acid. 

If this interpretation be correct, we should expect, by the 
addition of aromatic compounds, to be able to prevent the 
formation of uric acid in human beings as well. This might 

^ Horbaczewski, Siizung$ber, d. Wim. Akad.^ yol. Ixzxvi. p. 963: 1882; or 
MtmaUhefUf. Chem,, vol. iii. p. 796 : 1882 ; and vol. vi. p. 356 : 1885. 

t Wohler, Naohr. d. k, Gu. d. Wimfmh. m G^tUngm. voL T. pp. 61-64 : 1849. 
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even be of therapeutic advantage in the treatment of gout. 
It is nseless merely to give benzoate of sodium, as I have 
proved by many experiments. But here again it should not 
be forgotten that it is not in our power to make the benzoic 
acid reach the proper point at the proper moment when the 
glycocoU, before its union with the cyanic acid, could reach 
it. As abready mentioned, the benzoic acid in vegetable food 
is not generally contained as such, but is formed in the body 
by the decomposition and oxidation of more complex com- 
binations. It is quite possible that these latter are taken up 
by the cells in which the glycocoll occurs, while the benzoic 
acid already formed is rejected. At any rate, it must be 
remembered that to prevent the formation of uric acid in 
gout would only affect the symptoms. It is impossible to 
treat the essential cause of the disease, because it is quite 
unknown to us. 

With a view to obtaining further insight into the compo- 
sition of uric acid, the products of its simultaneous decom- 
position and oxidation have been investigated — products 
obtained by the action of oxidizing agents. These products 
are likewise of great interest, because among them combina- 
tions occur which are also met with in the metabolism of the 
animal body. 

A solution of permanganate of potash causes uric acid 
to break up, even in the cold, into aUantoin and carbonic 
acid : * C5H4N4O3 + + H2O = G^B^^^Pi + COj. 

Allantoin was discovered by Yauquelin f in the allantoic 
fluid of the cow, was subsequently found by Wohler t in calves' 
mrine as well, and was further investigated both by him and 
by Liebig.§ Later this compound was also detected in the 

* GliiiiBy Ber, d. dettUeh. ehem, Ge$. d, Witienseh, eu OdUingen, toI. t. pp. 61- 
64 : 1849. 

t Buniva et Yauquelin, Ann, de ehim^ t. xzxiif. p. 269, ^nn. viii^ : 1799. 
Vide also Lassafgne, Ann, de ehim, et de phys., t. xvii. p. BOl : 1821. 

t Wohler, Naehr. d, Je. Oes, d. WUaenech. eu GUUingen^ p. 61 : 1849. 

S Wohler and Liebig, Ann, d» Qiem, u. Pharm,^ toL zzyL p. 244 : 1838. 
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allantoio fluid and in the urine of new-bom children, and 
occasionally in dogs' urine.* 

The further action of oxidizing agents upon allantoin t 
produces urea and oxalic acid, and the latter ultimately, 
under the same influence, yields carbonic acid. 

If nitric acid be employed for the purpose of splitting up 
and oxidizing uric acid, urea and carbonic acid are again 
obtained as end-products. Combinations occur as inter- 
mediary products which, although they do not appear in the 
animal body, are of interest, in so far as they help to throw 
some light upon the constitution of turic acid. Alloxan and 
urea are the next compounds formed by the nitric acid in the 

presence of cold : 

H 

^1 

C = ONv 

I \ /NHa 

C5H4N4O3 + -f H3O == C = c = o + c=o 

Uric add. | / ^NHg 

C = ON ^ Urea. 

I 
H 

Alloxan. 

Alloxtm, when heated with nitric acid, passes into para- 
banie and carbonic acids : 

H 

^1 H 

C = ON I 



I \ C = 0N\ 

C = C = + = CO„-|- I ^ 

1 / C = ON/ 



c = o = + 0=008-1-1 'a=o 

ON 1 



H Farabanio acid, or Ozalylarea. 

Alloxan. 

* E. SolkoTi aki, Ber. d. deuiteh, 6hem. Get., yoL is. p. 719 : 1876 ; and ToL zL 
p. 600 : 1878. 

f For ihe synihedyi and oompotition of allantoin, vide Gzimanx, CkmpL rend, t 
Tol. IxzxiU. p. 62 : 1876. 

Z 
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The parabanic acid^ with hydration, passes into oxalurio 

acid: 

H 



C = 0N\ CONHCONH3 

C = + H20= I 
C = ON y COOH 

Oxalnric acid. 



H 
Parabanic acid. 

The latter, by taking tip a second molecule of water, breaks 
up into oxalic acid and urea : 

CONHCONHn COOH /NH„ 

I +H20= I +C0 

COOH COOH XNHg 

Oxaluric acid. Oxalic acid. Urea. 

Oxaluric acid occurs in the human urine* in minute 
quantities. 

The following formula, which was composed by Medicu9,t 
and confirmed by Emil Fischer J from extensive observations, 
agrees with aU the decompositions of uric acid we have 
described : — 



H C=ON-H 



\ 



-C C = 

o-c/ " 1 
^"Sn-c n-h 

H/ 

Another synthesis of uric acid,§ lately discovered by 
Horbaczewski, agrees well with this structural formula. He 
found it could be synthesized by fusing together trichlorlactic 
acid and urea. 

As we have seen that uric acid is transmuted into urea and 

** Ed. Scbunck, Proceed, of the Roy, 8oc.^ toI. xvi. p. 140 : 1868 ; C. Keubauer, 
7eit8chr, /. anal Chem., vol. vii. p. 225 : 1868. 

t MediouB, Ann, d. Ghem. u, Fharm,j vol. olxzv. p. 230 : 1875. 

t Fiaoher, Ber, d. deuieeh, ehem. Oes., vol. xvii. pp. 328, 1776 : 1884. 

§ J. Horbaczewski, Monatehefte fUr Chemie, vol. viii. pp. 201, 584: 1887. 
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carbonic acid by oxidizing agents outside the organism, we 
should expect to find the same process going on within the 
organism, and that uric acid is one of the antecedents of 
urea. If uric acid be introduced into the organism of a dog, 
it certainly becomes almost entirely changed into urea.* But 
it by no means follows that part of the urea normally formed 
arises from uric acid. This idea is frequently met with, and 
especially in pathological literature. It was thought that, 
in disturbances of external and internal respiration (such as 
affections of the lungs, ansemia, etc.)i an increase takes place 
in the elimination of uric acid, as a product of incomplete 
combustion. This supposition has not, however, been con- 
firmed. Senator t could not decide that the uric acid was 
increased in dogs, cats, and rabbits when respiratory disturb- 
ances were artificially induced; nor could Naunyn and Bless t 
do so after venesections. Moreover, the numerous accounts 
given of the increased elimination of uric acid in human 
beings in consequence of respiratory disturbances, do not 
rest on exact observation. In the first place, investigators 
feU into the error, already alluded to, of inferring an increase 
of uric acid from an increase of sediment ; and, in the second 
place, they did not sufficiently take into consideration how 
much the formation of uric acid depends upon diet. It should 
be especially noted that a fasting, and particularly a febrile 
person — ^in whom it is well known that the proteid-decompo- 
sition is increased — ^behaves exactly like a person who lives 
on meat. The results of all calculations bearing upon the 
elimination of uric acid in respiratory disturbances, and con- 
cerning the relation of uric acid to urea in these affections, vary 
within the same limits as they do in the case of healthy people. 
Increased elimination of uric acid has hitherto only been 

* Zabelin, Liebigfa AnnaJL d. Chem. u. Pharm., Snppl., toI. ii. p. 326: 1862 
and 1863. The views of earlier authors on the oonTersion of uric acid into area 
will be fonnd here. 

t Senator, Vircbow's ArcKt ▼ol. sHi* p. 35 : 1868. 

X B. Kannyn and L. Biess, Do Bois's Areh.t p. 881 : 1869. 
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proved in the case of one disease^ leuchsmia. Bartels* 
recounts that he found 4*2 grms. of urio aoid in the urine 
of a leuchsBmic patient during twenty-four hours, of which 
1'8 grm. had crystallized out. 0. Schultzenf even found, 
in the urine of a case of leuchaamia during twenty-four hours, 
a sediment consisting of 4*6 grms. of free uric acid and 
1*46 grm. of urate of ammonia. Such large amounts have 
never been observed in healthy people. In the cases of 
leuchaemia where the amount of uric acid does not exceed 
that of healthy people, the proportion of uric acid to urea 
is increased, frequently in the proportion of only 12 grms. 
of the latter to 1 grm. of uric acid.} Fleischer and Penzoldt § 
have lately made a careful investigation on this subject. 
They dieted a leuchsemic patient and a person in good health 
in precisely the same way; they both excreted the same 
amount of urea, but the leuchsBmic patient eliminated daily 
an average of 1*29 grm. of uric acid, while that eliminated by 
the healthy person amounted to 0*66 grm., or half as much. 

This occurrence cannot, for the reasons already given, be 
referred to a diminution of oxygen in consequence of the 
decrease in red blood-corpuscles. It was, therefore, thought 
that the cause was to be sought in the enlargement of the 
spleen and in the increase of leucocytes. Uric acid is con- 
stantly found in the spleen, which has given rise to the idea 
that it is chiefly formed here. Enlargement of the spleen, 
however, occurs in other diseases, in intermittent fever and 
in typhus, without any increase of uric acid that could be 
detected. II Nor could StadthagenlF confirm the view that 

* Bartela, DeuUch. Areh,/. Mtn. Med^ toL L p. 23: 1866. 

t Steinberg, ** Ueber Leukamie," Inang. Dissert. : Berlin, 1868. 

X H. Banke, *' Beobaohtungen nnd Yerauohe fiber die Aussoheidnng der 
Hftmsanre," p. 27: Manchen, 1858; and Salkowski, Virohow*8 Arch,, yoL L 
p. 174 : 1870; and vol. lii. p. 58 : 1871. 

S Fleischer and Penzoldt, Deutseh. Areh. /. Hin. Med., toI. zxyI. p. 868 : 
1880. 

fl Bartels, Deta9cih. Areh. /. hlin. Med., vol. i. p. 28 : 1866. 

1 Stadthagen« Virohow's Areh., Tol. dx. pp. 896-402: 1887. 
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uric acid occurred in the spleen ; he coidd not detect even a 
trace of it in the liver and spleen of either a leuoh»mic 
patient or a healthy person. It is possible that uric acid 
may be a product of the metabolism of leucocytes, independent 
organisms "c^hich travel through our tissues, after the manner 
of '' symbionta." Uric acid has been observed to be the end- 
product of tissue-change in all kinds of the lower animals. 
In this connection it is noteworthy that quinine, which 
diminishes the amoeboid movements of leucocytes, also lessens 
the elimination of uric acid.* 

The theory that uric acid is the result of imperfect respi- 
ration is negatived by the simple fact that in birds, which of 
all animals have the most active respiration, the bulk of the 
nitrogen leaves the body as uric acid. The nitrogen may be 
introduced into the organism of the bird in whatever form 
you like — as an amido-acid: leucin, glycocoU, or aspartic 
acid ; f as urea ; I as carbonate or formate of ammonia ; § 
as hypoxanthin || — ^it invariably appears in the urine as uric 
acid. 

We cannot even guess in what way these nitrogenous 
compounds take part in the synthesis of uric acid. For 
instance, carbonate of ammonia alone cannot furnish material 
for the formation of uric acid ; a further compound, rich in 
carbon, and containing little or no nitrogen, is required. Either j 

glycocoU or lactic acid would satisfy these requirements, but 
nothing definite is known on this point. 

It now only remains for us to consider where the uric acid 
is formed. This is important from a physiological as weU as 
from a pathological point of view. The most complete 

* Banke, loo. eii. This Moount ham been amply eonfinned, most reoenfly by 
Prior's thorough inyestigation, Pflflger^s Areh^ voL xzxiT. p. 237: 1884. The 
whole literature wUl he found here. 

t Yon Knieriem, ZeiUehr.f. Biolog,, toL xiii p. 36 : 1877. 

t Meyer and Jaff(^, Ber. dL deuteeh. ehom. Ge$,, yoL x. p. 1980: 1877. Vide 
also Oech, ibid., toL x. p. 1461 : 1877. 

§ Von Schroder, ZHUokr.f. phjfHoi, Ohem^ Tol. ii. p. 228 : 1878. 

II W. Yon Maoh, Arch, /. oxper, Falh. u. Pharm., Yol zziv. p. 389 : 1888, 
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investigations upon this subject of recent times have been 
made by Schroder * and Minkowski.f 

Schroder succeeded, in Ludwig's laboratory, in overcoming 
the immense difficulties encountered in the extirpation of the 
kidneys of birds. Hens lived from five to ten hours after 
their kidneys had been either extirpated or detached from the 
circulation by ligaturing the aorta and vena cava above the 
kidney. In this time uric acid had accumulated in the organs. 
A considerable amount of uric acid was obtained from the heart 
and the lungs together with the blood in them, but none from 
the normal organs, by the method adopted by Schroder. 
Hence it follows that the uric acid is not produced, or at any 
rate not exclusively formed, in the kidneys of fowls. Experi- 
ments in which snakes' kidneys were extirpated gave the same 
results, only that here the amount of uric acid that accumulated 
was larger, because snakes survive the operation for a much 
longer time. They lived from five to nine days afterwards, 
and after death a large quantity of uric acid was found in all 
their organs, but most abundantly in the spleen. A consider-^ 
able amount of uric acid was obtained from the blood. Hence 
also in snakes uric acid is not primarily formed in the 
kidneys. 

The locality of the formation of uric acid in mammals has 
not been experimentally investigated. At the same time, the 
existence of small amounts of uric acid in the liver, lungs, 
and other organs, has been ascertained. :( The occurrence in 
gout of large quantities of uric acid in the joints, tendons, and 
ligaments, under the skin, and in other organs, without any 
previous disturbance in the functions of the kidney, seems to 
show that uric acid is not primarily formed in the kidneys in 



* Yon Sobroder, Da Bois* Areh., SuppL, p. 118: 1880; and *'Beitifige zu 
PhjBiol., Carl Ludwig za eeinem 70 Gebnrtstage gewidmet von eeinen SohtUern," 
p. 89 : Leipzig, 1887. 

t Blinkowski, Arch./, exper. Paih. u. Pharm^ toI. zxi. p. 41 : 188& 
t An aooDunt of iiie liteiatore is given by Schroder, loc etX, p. 143. For the 
opposite view of Stadthftgen, see the earlier referent. 
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the case of mammals any more than it is in the case of birds 
and reptiles. 

Minkowski * endeavoured to ascertain whether this process 
went on in the liver. As above mentioned, this question 
cannot be decided in mammals, on account of the stagnation 
which occurs in the blood of the portal system after the extir- 
pation of the liver. The bold attempt to avoid this stagnation 
by providing an artificial communication of the portal with 
the left hepatic vein, or directly with the vena cava inferior, 
has not been attended with any success, f Fortunately, such 
a communication has a natural existence in birds. Birds 
have a vasculax system in the kidneys simUar to the portal 
circulation in the liver. There is a vena advehens in the 
kidney which brings to that organ the blood of the caudal 
vein, the iliac vein, and the veins leading from the pelvic 
organs. This vena advehens communicates with the portal 
vein by means of Jacobson's vein. After tying the portal 
vein, therefore, the blood. from the intestine can pass through 
the kidneys to the vena cava inferior, and no stagnation 
occurs, t Minkowski, therefore, tried, by experiments on 
birds, to find out what influence the removal of the liver has 
upon the composition of urine. He made his experiments on 
geese, because these large birds yield a sufficient amoxmt of 
urine for the purposes of analysis, and because they secrete 
urine in abundance after removal of the liver. He operated 
upon as many as sixty geese, and in most cases, not only 
tied the hepatic vessels, but also completely extirpated the 
liver, except a very small remnant which he was obliged to 
leave in the immediate neighbourhood of the vena cava, as in 
birds this latter passes through the liver. This remnant was 
destroyed by crushing. The animals thus operated upon 

* Minkowski, he, dt 

t Stolnikow, Pfliiger'fl Artih., toI. xxviii. p. 266 : 1882 ; Stern, Arch, /. essper. 
Path, «. Fharm,t vol. xix. p. 45 : 1885; W. von Schroder, ibid., Tol. xix. p. 818: 
1885. 

X Stem, he. eiU 
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mostly lived for more than six hours, and a few of them for 
twenty hours. The large intestine was tied above the cloaca, 
in order to obtain the urine in a pure condition. 

The result obtained was, that the total nitrogen eliminated 
after the extirpation of the liver was not greatly diminished ; 
it amounted to about from one-half to two-thirds of the 
quantity normally excreted by geese in the same time. On 
the other hand, the proportion of uric acid to the total nitrogen 
in the urine was very different. In healthy geese, the nitrogen 
eliminated as uric acid amounts to from 60 to 70 per cent, of 
the total nitrogen ; in geese after removal of the liver, only to 
from 8 to 6 per cent. 

The relative amount of another nitrogenous constituent of 
the urine, ammonia, is altered in the reverse direction after 
extirpation of the liver. The ammonia in the urine of normal 
geese amounts to from 9 to 18 per cent, of the total nitrogen ; 
that in the urine of geese after extirpation of the liver, from 
50 to 60 per cent. 

From this Minkowski concludes that ammonia is a normal 
antecedent of uric acid, and that the synthetic conversion of 
ammonia into uric acid in the organism of birds can only 
take place if the liver is free to perform its functions. 
Minkowski does not say that the liver is the locality of uric 
acid formation. It is possible that the functions of the liver 
are only indirectly called into play in the formation of uric 
acid in other organs. 

The following very important fact observed by Minkowski 
may be interpreted in this sense. A very large quantity of 
lactic acid was found in the urine of geese after removal of 
the liver. Minkowski could not detect any lactic acid in the 
normal urine of geese, whereas after the operation there was so 
large a quantity as to be equivalent to the amount of ammonia 
excreted, and suiBSicient to make the urine strongly acid. 

The extirpation of the liver is therefore, in some way as 
yet inexplicable, followed by the appearance of large quanti- 
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ties of lactic acid, and the formation of uric acid being 
inhibited in any organ is perhaps only indirectly the con- 
sequence of the occurrence of the acid. We have ahready 
seen that acids check the formation of nrea, and increase the 
elimination of ammonia in the organism of mammals. Why 
may not acids have the same inhibitory effect npon the 
formation of nric acid in the organism of birds ? In fact, 
by administering sodium carbonate, Minkowski succeeded in 
reducing the elimination of ammonia in a normal goose from 
11 to 8 per cent, of the total nitrogen. 

I will only add that in diseases of the liver, and especially 
in acute atrophy of the liver, and in cases of phosphorus 
poisoning, large quantities of lactic acid have been observed 
in the urine.* May not the increased elimination of ammonia 
in cirrhosis of the liver (p. 827) be likewise referred to this 
fact ? So far as my knowledge extends, no notice has ever 
been taken of the acidity of, and the lactic acid present in, 
the urine of persons suffering from cirrhosis of the liver. 

I will also take this opportunity of mentioning that the 
occurrence of an organic acid (oxybutyric acid) and, simul- 
taneously, an increased elimination of ammonia has also been 
observed in cases of diabetes mellitus.f 

It may even be doubted whether ammonia is the normal 
antecedent of urea and of uric acid. It is possible that the 
nitrogen, which under normal circumstances splits off from 
the proteid molecule as a neutral combination, separates as 
ammonia under the influence of the abnormal acids. 

The facts observed by Minkowski may, therefore, be inter- 
preted in many different ways. Minkowski himself inclines 
to the idea that the bulk of the uric acid in the liver is 
normally formed by synthesis from ammonia and a non- 

* Bckultzen and Riees, Aim. cUb C^Mritf-KramkenhatueBy yoL xy. : 1869. 

t HaUeryoiden, Arch, /. exper. Path, u. Phann,^ yol. xii. p. 268: 1880; 
Stadfilmann, ibid., yol. xyiL p. 419: 1883; Minkowski, ibid., yol. xyiii. pp.85* 
147 : 1884 : K&lz, ZeOtchr. f. BMog., vol. xx. p. 165 : 1884 ; H. Wolpe, Arch. /. 
exper. Path, ti. Pharm,^ yol. xxi. p. 188 : 1886. 
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nitrogenous Bubstance^ and imagines this latter to be lactic 
acid;* Minkowski grounds this view on the probability of 
ammonia and lactic acid both having a common source in 
proteid. As already stated, he always found the lactic acid in 
quantities equivalent to the ammonia. It increased in quantity 
with the amount of proteid in the food, and was independent 
of the addition of carbohydrates; it increased also under 
the same conditions under which an increase of uric acid 
normally takes place. 

Of the numerous facts ascertained by Minkowski, I would 
emphasize the following : — 

Besides the uric acid and the ammonia, which form the 
bulk of the nitrogenous compounds in the normal urine of 
birds, there is always a small amount of urea. The nitrogen 
eliminated in this form amounts to from about 2 to 4 per 
cent, of the total nitrogen. The proportion of urea to 
the total nitrogen remained unaltered after extirpation of 
the liver. The urea in the urine of birds is, therefore, not 
formed in the liver. But, of course, this does not justify any 
conclusion with regard to the locality of the formation of urea 
in mammals. 

If urea be artificially introduced into the organism of 
normal birds, ^the nitrogen of the urea, according to the 

* The laotio acid found by Minkowski in the mine of geese whose livers had 
been removed, was the optically active sarco-laotic acid. There are known to 
be three isomeric lactic acids: ethylene lactic acid [0H^OH)OHsGOOH], or 
hydracrylic acid, which has not been detected in the animal body, and the two 
ethylidene lactic acids [0H3GH(OH)GOOH]. Of the two last, the lactic acid of 
fermentation, which is formed by the ferm ntation of sagar of milk in milk, and 
by the fermentation of the carbohydrates in the intestine, is opticaUy inactive ; 
the other, the sarcolactio acid, is opticaUy active, as it rotates the plane of 
polarization to the ri^ht. The latter is obtained from mnsdes (compare Lecture 
XIX.), and is met with frequently in pathological products: in urine, in 
phosphorus poisoning and atrophy of the liver, in osteomalacia, in the sweat in 
puerperal fever, and in various pathological exudations. We owe the moat 
minute inquiries into isomeric lactic acids to J. Wialioenus (Atm, d. Cffiem, u, 
Pharm,, vol. olxvi. p. 3: 1873; and vol dxvii pp. 802, 846: 1873), and to 
K Erlenmeyer (ibid., voL dviiL p. 262 : 1871 ; and vol. czci. p. 261 : 1878). A 
summary of the literature on isomeric laotio acids is given in these works. 



XANTHIN AND HTPOXANTHIN. 347 

experiments of Meyer and Jaffe, already quoted^ reappears 
as uric acid in the urine. Minkowski injected solutions of 
urea either subcutaneously or into the stomach of his geese, 
after removal of the liver ; the urea reappeared in the urine 
unaltered. This fact also seems to warrant the conclusion 
that uric acid is formed by synthesis in the liver, but it is 
capable of being otherwise interpreted. I may express the hope 
that the artificial transmission of blood through the excised 
liver of birds may soon give a satisfactory reply to this 
question. 

The facts obtained both by Meissner * and by Schroder f 

agree in showing that the amount of normal uric acid is 

always larger in the liver than in the blood of birds ; and they 

are, moreover, in harmony with the theory that uric acid, or 

. at any rate a portion of it, is formed in the liver of birds. 

In all the tissues of our body, and especially in the 
nuclei of the cells, there are small quantities of two bases 
rich in nitrogen, the empirical formulsd of which would lead 
to the conclusion that they are closely related genetically to 
uric acid. I mean xakthin and hypoxakthin, or sarcin.} 
They only differ from uric acid by their smaller amount of 
oxygen : 

Uric acid C6H4N4O3 

Xanthin • . • • . . • • C5H4N4O2 
Hypoxanthin C6H4N4O 

As yet, however, no one has succeeded in transmuting the 
three compounds into one another.§ The facts that xanthin 

• Meiflmer, ZeUtehr. f. rat, MecL^ Tol. zxzi p. 144 : 1808. 

t W. Ton. Sohioder, "Beitiftge znr Physiol., Carl Ludwig sn aeiiioin 70 
Gebnrtstage gewidmet von seinen Sohfilern,** p. 96, Leipadg: 1887. 

t Eooel, ZeiUehr. /, phytioL Ohem., toL yL p. 422: 1882; vol. yii. p. 7: 
1882. 

§ Emil Fischer (Ber, d, dewUch, ehem, Oe$,, vol. xyii. pp. 828, 829: 1884) 
was unable to oonflrm Streoker's aoconnt that urio add could be redaoed to 
xanthin and hypoxanthin by nascent hydrogen, and that hypoxanthin ooald be 
oxidized into xantliin by nitiio add. Vide also Kossel, Z6U§ekr, /. pfcytiel. 
Chern^ ToL tL p. 428: 1882. 
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on oxidation yields alloxan, and, when acted on by fuming 
hydrochloric acid, glyoocoll, seem to point to its having a 
constitution somewhat analogous to that of uric acid.* 

But there is, in close affinity to xanthin, a third com- 
pound, auANiNf (CsHgNfiO), which frequently occurs in the 
tissues together with xanthin and hypoxanthin, and, like 
these, is a decomposition-product of the nuclein of the cell- 
nuclei. This is converted into xanthin by the action of 
nitrous acid. 

More recently still Eossel t has discovered a fourth base 
rich in nitrogen as a constituent of the nuclei ; this he terms 
ADEKiN. It has the composition GsHgNs and is therefore 
a polymer of hydrocyanic acid, and is related to hypoxanthin 
in the same way as guanin is to xanthin. It is converted 
into hypoxanthin by nitrous acid. 

Only a very small quantity of xanthin is invariably 
present in human urine ; § in rare cases it may form vesical 
calculi. 

Xanthin, hypoxanthin, guanin, and adenin, which are 
usually designated by the generic name of xanthin-bodies, 
undoubtedly belong to the antecedents of urea or of uric acid. || 
They occur in too large a quantity in the tissues, and in too 
small a one in the urine, for it to be possible that they are 
eliminated unchanged. Guanin is, like creatin, a substi- 
tuted guanidiiL All the reasons which were adduced in 
favour of the conversion of creatin into urea are equally 
applicable to guanin. 

* For the oompoflition of xanthin, see Emil Fischer, Ann. d, Chem. u. Pharm., 
ToL cczv. p. 253: 1882; Ber. d. deutaok, ehem. Oes.^ vol. xy. p. 453: 1882; and 
Arm. Oaatier^ Compt rend,, toL xoviii. p. 1523 : 1884 (SynthesiB of xanthin). 

t KoBsel, ZeUaehr, /. phywil, Chem,, yol. vu. p. 16: 1882; Tol. Tia p. 404: 
1884. 

t Eossel, ibid., vol. x. p. 250 : 1886. 

§ Nenbauer, Zeittehr.f. andlyt. Chem., toL Tii. p. 225>; 1868. 

I Vide Stadthagen, Yirohow's Arch,, yol. oix. p. 390 : 1887. An aooonnt of 
the Uteratore on the xanthin-hodies, and the pert they play in the forniatioii of 
uric acid, is given here. 
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LECTURE XVn. 

THB FUNCTIONS OF THE KIDNETSy AND THE OOMPOBITION 

OF URINE, 

In the last lecture we became acquainted with the end- 
products in which the bulk of the nitrogen leaves the body 
through the kidneys. The elimination of the nitrogenous 
end-products of metabolism is not, howeTer, the sole function 
of the kidneys. To the kidneys is assigned the duty of 
maintaining the composition of the blood invariable, of 
rejecting from the blood everything that does not belong to 
it normally, whether an abnormal constituent or a normal 
one that has increased beyond its normal amount. 

This function is usually ascribed to the epithelial cells 
of the renal tubules, although it appears to me that it 
might with equal justice be referred to the cells of the 
capillary wall. There is no reason for assuming that the 
capillary wall plays a passive part in the process of secretion. 
We know that it consists of cells joined together like mosaic 
work, and that each of these cells is a living xmit, ui 
organism by itself, to which W9 are d priori justified in 
ascribing as complex functions as to the epithelial cells of 
the tubules. 

The cells of the capillary wall and those of the epithelium 
perform the work of rejecting the substances which do not 
normally form part of the composition of the blood, and this 
they do without regard to the laws of diffusion and endosmosis 
or to the degree of solubility. They eliminate everything 
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useless or snperdtLotis — crystalloid and colloid substances, 
both soluble and insoluble, both alkaline and acid. 

Sugar and urea are both readily soluble in water and 
diffusible ; they are both always circulating with the blood 
through the renal capillaries. Sugar, which is an impor- 
tant food-substance, is retained; urea, which is an end- 
product, is excreted. The purpose is manifest, though we are 
unable to explain the reason. It does not at present admit 
of a mechanical explanation. If the sugar exceed the normal 
quantity, it is secreted. 

Proteids form the main constituents of blood-plasma ; but 
they are never allowed to pass by a healthy epithelium. 
Normal proteids only appear in the urine when the renal 
epithelium has undergone pathological alteration, or has been 
impaired by impeded circulation of the blood, and by an arrest 
of the supply of oxygen.* But the normal proteids of the 
plasma cannot pass the normal and well-nourished epithelium, 
and this not by reason of their colloid nature ; for as soon as 
a proteid that does not belong to the normal constituents of 
the plasma, such as egg-albumen, or a solution of casein, is 
allowed to enter the blood, it reappears in the urine.f This 
applies not only to colloid substances, but also to such as are 
absolutely insoluble and immiscible with water, which are 
removed by the activity of the cells into the commencement 
of the renaJ tubules, if they do not belong to the normal con- 
stituents of the blood. Among these we may mention foreign 
fatty matters (cod-liver oil), superfluous cholesterin, resins, 
and the like. ^ 

If the blood becomes too alkaline, as it may by conversion 
of vegetable salts of alkalies into carbonates, the renal cells 

* Heidenhain in Hermann'B Handhuch der PhysioL, vol. ▼. pt. i. pp. 337, 371 : 
Leipzig, 1883. 

t J. Forster, Zeitsehr, /. Biolog.y yol, xi. p. 526: 1875. In this paper the 
earlier views of Bernard. Lehmann, Stokvis, and Greile are mentioned. See 
further, B. Kenmeister, **ZurFrage naoh dem Schioksal der Eiw«^ ssnahrnng im 
Organismns,'* SUzungsber, d, phffs, med, Oe$, z. WUrzhurg : 1889 
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separate the excess of these carbonates from the blood. 
If the alkalescence of the blood be diminished — ^perhaps by 
the liberation of sulphuric acid and phosphoric acid, caused 
by the decomposition of proteids of nucleins and lecithins — 
the renal cells take up the neutral salts of the blood, separate 
them into acid and alkaline, convey the acid salts into the 
urine, and the alkaline back into the blood, until the normal 
alkalinity is restored. 

The epithelium-cells are of very varying form and size in 
different parts of the urinary tubules. This renders it probable 
that different portions have different functions to perform; 
that only certain constituents of the urine are eliminated by 
one part, and different ones by another. It is known as 
a fact that the colouring matter, carmine, when it gets into 
the blood, is eliminated by the Malpighian bodies,* whereas 
indigo t and bile 'pigment X are excreted by the convoluted 
tubules and Henle's loops. In birds, uric acid is only found 
in the epithelium of the convoluted tubules, never in other 
parts. § The purpose of this arrangement is evident : were 
the uric acid to be eliminated by the Malpighian bodies, it 
might remain there and form concretions ; whereas the 
crystals eliminated by the convoluted tubules are being 
constantly washed down by the fluid secreted by the 
glomeruli. 

The structure of the glomeruli is very puzzling, and is 
seen in no other gland. The widening of the arteries into 
the capillary system, and their reunion to form an efferent 
vessel, which is narrower than the afferent one, appear to 
be arranged for the purpose of slowing the blood and of 

 ChmniBOsewski, Virchow'e Areh^ yol. xxxL p. 189: 1864; Wittich, ilrcA. 
f. mikh)$k. AnaL, TOl. xi. p. 77: 1875. 

t Heidenhftin, ibid., vol. x. p. 30: 1874 ; Pflugei'fl Ard^ yoL ix. p. 1 : 1875. 

t MobiDB, Ardi.f, HeWc,, Tol. XTiii. p. 84: 1877. 

S Wittioh, Virchow's Areh., vol. x. p. 325: 1856; Zalesky, "Unt fiber den 
m&miacben Y^mcen xmd die Fnnotion der Niere," p. 48: TUbiogen, 1865; 
Heiwner, ZeiUiir. /. rat JIM. (3), yoL xxxi p. 183 : 1867. 
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inoreasing the pressnre. But we are at present incapable 
of even Bnggeeting a theory as to what significance this 
precaution has in the formation of nrine, and as to what 
constituents are formed or eliminated in the glomeruli. It 
has not been found that blood-pressure has any influence in 
any part of the body upon the quantity and quality of the 
transudation formed.* 

It has hitherto not been proved that the nervous system 
exercises any direct influence upon the epithelium-cells of the 
kidney, as it has been ascertained to exercise in the case of 
the salivary glands, and as is also probable in the case 
of the remaining glands of the digestive apparatus. The 
renal nerves appear only to act upon the vessels. This 
difference might d priori have been expected. The digestive 
glands form their secretion from the normal constituents of 
the blood. The impulse to greater activity*of the epithelium- 
ceUs cannot, therefore, proceed from the blood, but from the 
digestive canal, where the need of more secretion makes itself 
felt; this necessitates the intervention of nerves. The 
kidneys behave differently; for the impulse to increased 
activity of the renal cells must proceed from the abnormally 
increased constituents of the blood, to remove ^hich is the 
duty of the kidneys. This does not necessitate any nervous 
apparatus.! 

We should d priori expect that the kidneys would be all 
the more active, the more substances there were in the blood 
to be eliminated, and the greater the amount of blood flowing 
through the kidneys in a unit of time. All the factfi observed 
agree with this view. Whatever enlarges the lumnn of the 
renal vessels and increases the rapidity of the bloou-current, 
such as section of the splanchnic nerve and stimnlation of 

* Vide Pasobutin, **Arbeite& ans der physiologisohen Ansfcalt zu Leipzig,'* 
p. 197 : 1872; and Eknminghaufl, ibid., p. 50 : 1873. 

t Vide W. Ton Bobroder, ** Ueber die Wirkong dee Oaffeins ala Dioreticiini/* 
Areh,f, tamper . PcUh, «. Pkarm^ ToL zzii. p. 39 : 1886. 
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the spinal eord, also increases the quantity of urine secreted. 
Whatever causes contraction of the vessels and diminishes 
the rapidity of the current, as stimulation of the splanchnic, 
mechanical narrowing of the renal artery, or section of the 
cervical spinal cord, also diminishes the urine. There is at 
present no ground for assuming that the blood-pressure in 
the renal vessels has a direct influence upon the secretion of 
urine. 

From these observations on the functions of the kidneys, 
it follows that the oomposition of ubine must necessarily be 
a very varying one. Besides the nitrogenous end-products, 
the amount of which chiefly depends upon the proteid 
introduced, and undergoes great fluctuations, the urine always 
contains the inorganic salts which remain over from the 
decomposition of the organic food-stufifs, as well as sulphuric 
and phosphoric acids, which proceed from the oxidation and 
splitting-up of the proteids, nucleins, and lecithins; and 
finally we find in it certain products of metabolism — ^notably 
aromatic compounds and oxalic acid — ^which are oxidized 
with difficulty, and which contain no nitrogen. Besides the 
substances which occur in large quantities and have been 
subjected' to careful investigation, there are numerous other 
substances in the urine which are scarcely known, as they 
occur in such small quantities. There is also a large class 
of substances which only appear occasionally under certain 
normal and pathological conditions {hat are little known; 
and lastly; we meet with substances of all kinds which have 
been accidentally introduced either with food or as medicines, 
and whiclf have not been destroyed in the body. 

In order to give an idea of the composition of normal 
urine, twr analyses are appended, which I carried out on 
the urine of a young man in good health, both when on 
animal and on vegetable diet.* An estimate was made of 

* The literature of physiology, bo fiur as I know, affords no analysis of urine 
in which aU the more important oonstituenta were determined in the same 

2a 
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almoBt all the constituents of the urine which normally occur 
in any quantity. After two days' exclusive diet of beef, the 
urine was collected on the second day. The beef eaten was 
roasted with a little salt, the only beverage being spring 
water. In the second case the urine was also collected on 
the second day, after an exclusive diet of wheat-bread, butter, 
a little salt, and spring water. 

GoMPOsrnoK of Twbnty-Fotjb Hotjbs' Urikb atteb a Diet of-^ 

Meat. Bread. 

Entire qnantity . . 1672 o.cms. . . 1920 o.cmB. 

Urea 67'^ grma. .. .. 20-6 grms. 

Uric acid 1-398 *0-253 „ 

Oeatinin 2*163 „ .. .. 0-961 „ 

Kfi 3-308 „ .. .. 1-314 „ 

Na,0 3-991 „ .. .. 3923 „ 

CaO 0-828 „ .. .. 0-339 „ 

MgO 0-294 „ .. .. 0-139 „ 

01 8-817 „ .. .. 4-996 „ 

SO,* 4-674 „ .. .. 1-265 „ 

PjO, 8-437 n .... 1*658 „ 

Both urines had a strong acid reaction. If we calculate the 
equivalent of the strong acids and bases, we find that in both, 
the sulphuric acid and the chlorine suffice by themselves to 
neutralize all inorganic bases : 

8-308 K,0 =2177Na,0 8-817 01 = 8-337 Na,0 

3-991 Na,0 = 3-991 Na,0 4-674 SO, = 8622 Na,0 

0-328 OaO = 0-364 Na,0 

0-294 MgO = 0-455 Na,0 6*959 Na,0 

6-987 Na,0 

1-314 K,0 = 0-865 Na,0 4*996 01 = 4-368 Na,0 

3-923 Na,0 = 3-923 Na,0 1-265 SO, = 0980 NaaO 

0-339 0^0 = 0-376 NajO 

0139 MgO = 0-216 Na,0 5*348 Na,0 

5-380 Na,0 

specimen. I therefore ventiire to communicate these analyses, which were 
undertaken on the oooasion of certain experiments relating to metabolism, and 
which hare not yet been published. 

* The entire amount of, inolading the conjugated, sulphuric acid was 
determined. The urine was boiled with hydrochloric acid and chloride of 
barium* 
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But, in addition to the snlphnrio and hydrochloric acids, the 
urines contain also considerable amounts of phosphoric and 
uric, besides some hippuric and oxalic, acids. It would 
therefore follow that they contain free mineral acids, had not 
the organism the means about to be detailed of preventing 
the occurrence of free strong acids in the urine. In the 
first place, there is the formation of ammonia. In the 
above analyses the ammonia has, unfortunately, not been 
determined. Normal urine generally contains from 0*4 to 
0*9 grm. In order to convert the 1'66 grm. of phosphoric 
acid into the acid ammonia salt, exactly 0*4 grm. of NH3 
suffice ; 0*8 grm. of ammonia are equivalent to 8*44 grms. of 
phosphoric acid. A second mode of diminishing the acidity 
of the urine consists in a portion of the bibasic sulphuric acid 
being converted into a monobasic acid by union with aromatic 
combinations. 

Normal urine becomes alkaline only after a vegetable diet 
containing potash salts of combustible acids. These are 
largely present in acid fruits and berries which contain the 
acid potash salts of tartaric, citric, malic, and other organic 
acids. After combustion of the acids, the potash appears in 
urine as a carbonate. The urine exhibits a strong alkaline 
reaction, and effervesces on the addition of acids. Potatoes 
cause a strongly alkaline urine, because they contain little 
albumen, and therefore little sulphuric acid; on the other 
hand, they contain much malate of potash, which is con- 
verted into a carbonate. The most important articles of 
vegetable diet, the cereals and the leguminosse, yield urine 
which is as acid as that due to a diet of meat, because they 
are rich in albumen and phosphates. 

These observations afford some hints as to the diet of 
persons who are predisposed to the formation of uric acid, 
gravel, and concretions in the bladder. I have already shown 
that we are not fully acquainted with all the conditions of the 
precipitation of uric acid; but we do know that the acidity 
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of the urine has to be considered as well as the amount 
of uric acid. Patients should be forbidden food rich in 
albumen, but poor in bases which are able to neutralize the 
uric and sulphuric acids formed from the albumen. Cheese 
appears to me in this respect the most injurious article of 
food. In making cheese, the basic alkaline salts pass into 
the whey, and the casein, while undergoing combustion in 
the organism, yields large quantities of uric, sulphuric, and 
phosphoric acids, which are not sufficiently neutralized by 
bases. In certain parts of Saxony, as in Altenburg, where 
the people eat a great deal of cheese, uric acid calculi are 
said to be very common.* Calculus is rare in Switzerland, 
although cheese is also an important article of diet there, 
probably for the reason that a considerable quantity of fruit 
is eaten at the same time. Salt meat and salt fish also yield 
a very acid urine containing much uric acid, because, in the 
process of salting, the basic salts (basic phosphates and 
carbonates of the alkalies) pass into the lye, and are replaced 
by neutral chloride of sodium. Bussian physicians have 
informed me that in certain districts of their country, the 
people living mainly on salt fish frequently exhibit uric acid 
calculi. If it be desired to prevent the formation of uric acid 
sediments, or to dissolve concretions that are already formed 
by the administration of alkalies, it is more sensible to advise 
the use of Xmitaand potatoe s than to order alkaline mineral 
waters, the continued use of which may produce disturbances 
which we are unable to estimate. Because the combination 
of uric acid and lithia is more soluble in water than its com- 
bination with soda or potash, it has been thought necessary 
to treat the uric acid diathesis with a few decigrammes of 
carbonate of lithia, or even with mineral waters containing 
one centigramme of lithia to the litre. This nsuive idea 

* Lebmann, **Sitzutig8ber. der Ges. f. Natur-und Heilkunde za Dresden,*' 
p. 66: 1868; W. Ebejtein ("Die Natur nnd Behandlung der Hamateine," pp. 
145-156 : Wiesbaden, 1884) gives a faU account of the geographical distribation 
of calculL 
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simply implies ignorance of BerthoUet's law. We know that, 
in solutions of bases and acids, every acid is distributed to all 
the bases in proportion to their quantity. It follows that 
only the very smallest portion of uric acid will combine with 
the lithia» the largest proportion combining with the pre* 
ponderating quantity of soda, which we introduce as chloride 
of sodium. The largest proportion of lithia will reappear in 
the urine, united with the chlorine of the chloride, with 
sulphuric and phosphoric acids. There will be no increase in 
the solubility of the uric acid. 

It is well known that under pathological conditions urine 
may become alkaline, by the conversion of urea into carbonate 
of ammonia. This change always takes place when urine 
has been exposed to the air for some time, and is effected 
by certain forms of bacteria.* If these organisms reach the 
bladder, the conversion may begin there, the urine becomes 
alkaline, and the alkaline earths, which were held in solution 
in the acid urine, are precipitated as phosphate of Ume and 
triple phosphate of magnesia. In this way urinary calculi 
may be formed. 

We have now become acquainted with all the ingredients 
of any importance constituting normal urine. Of the in- 
numerable substances which, besides these, are found in 
small quantities, I will describe a few so far as we have any 
definite knowledge of their object and origin. 

First, the ooLouBn^a hattebs. Physicians have long ob- 
served the remarkable differences in the colour of urine under 



* P. Oaxenmiye ei Oh. LiTon, Compt rend., t Izxxt. p. 971 : 1877; B. von 
Jaksob, Zeitsehr, /. phyHoL Chem^ vol. y. p. S95 : 1881 ; W. Leube, Sitsungtber. 
d. phy», med, 8oc tu JSrlangen, Nor. 10, 1884, p. 4 ; and Viioliow's Arch., voL o. p. 
540 : 1885. The ferment may be extracted finom the bacteria, bat daring life they 
do not yield it to the earronnding fluid (Mnscalos. CompL rend^ t IzxHii. p. 
182 : 1874 ; and Pflttger's AreK, toL xli p. 214 : 1876 ; A. Sheridan Lea, Jowm, 
of Physiol^ Tol. yi. p. 186: 1885). It appears, therefore, that in the oonyernon 
of niea into carbonate of ammonia, chemical potential energy is conyerted into 
kinetic energy, ami this kinetic energy is osed in the yital processes by the 
formentaiiTe organisms (ctomp. p. 185). 
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various normal and pathological conditions, and have tried to 
avail themselves of these differences for diagnostic purposes. 
The numerous endeavours to isolate the colouring matters 
and to study their properties led to no results, because the 
quantity was always too small. We have, therefore, been 
obliged to content ourselves with applying Greek and Latin 
names to these numerous colouring matters, with which I 
will not trouble the reader, excepting with regard to the only 
one of which we know the composition and mode of origin. 
I refer to uROBHiiN, which was discovered by Jaffe.* He 
found this reddish brown colouring matter constantly in 
normal urine, and in increased quantities in febrile urine. 
Its absorption-spectrum and the green fluorescence which 
its ammoniacal solution assumes, especially after the addition 
of chloride of zinc, are characteristic. The composition of 
this colouring matter, which can only be obtained in very 
small quantities from urine, would not have been known had 
not Maly t succeeded in producing it artificially by the action 
of nascent hydrogen upon bilirubin, the chief colouring 
matter of bile. This fully explains the invariable presence of 
urobilin in the contents of the intestine, as we have seen 
that nascent hydrogen constantly acts there upon the colouring 
matter of the bile. Human fseces are coloured brown chiefly 
by urobilin, and rarely contain any unaltered bile-pigment. 
It is quite possible that the urobilin occurring in urine is also 
derived from the intestine, though we are not forced to this 
assumption, as urobilin might also be formed in other organs. 
As a matter of fact, Jaff6 found urobilin in human bile. 
Hoppe-Seyler J has since shown that urobilin may also be 
formed by the action of nascent hydrogen upon bsBmatin. 



* M. Jaff^, VirohoVs Jn*., vol. xlriL p. 405 : 1869; and Centrdlb./. dL med, 
Wi8Ben$eh., p. 241 : 1868 ; p. 177 : 1869 ; and p. 465 : 1871. 

t B. Maly, CemraJb,/, d. med. Wistenaeh.; No. 54: 1871; Anmd. d, Chem. 
Tol. dxiii. p. 77 : 1872. 

X Hoppe-Seylep, Ber. d, deut$ch, ehem. G«., voL Tii p. 1065 : 1874. 
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We thus arrive at a simple genetio connection between the 
three colouring matters * — 

Haematin CaH3aN404Fe 

Bilirubin CaHaeNA 

Urobilin •. ' C3aH4oN40T 

Indigo t is generally regarded as belonging to the urinary 
colouring matters, although it does not occur as such in 
urine, but as a colourless combination, as an alkaline indoxyl- 
sulphate.^ If concentrated hydrochloric acid, with an oxidizing 
agent like chloride of lime or solution of bromine, be added 
to urine, the conjugated sulphuric acid is split up, and the 
indoxyl is oxidized into indigo — 

2C8HeNKS04 + Oa = CieHioNaOa + 2HKSO4 

Indoxyl-sulphate of potash. Indigo blue. 

The amount of indigo thus formed is generally very small, 
but is rarely entirely absent irom human urine. On shaking 
the colouring matter with chloroform, a beautiful blue solu- 
tion is obtained. 

We are not in doubt as to the origin of indigo in the 
animal body, as we know that indol, which is the basis of the 
entire indigo-group, is obtained by bacterial putrefaction of 
albumen, and is uniformly found in the intestinal contents.§ 
The reabsorbed indol is oxidized in the tissues into indoxyl. 
This process is completely analogous to the conversion of 
benzol by oxidation into phenol. 

* ThiB genelio oonnection is more foUy diseiused in the next lecture, as 
weU as the appearance of blood and bUe pigments in the nrine under pathological 
conditions. 

t On the synthesis and chemical constitution of indigo, ffide A* Baeyer, Ber. 
d. deuimsh, ehem. Oe§., vol. ziii. p. 2254 : 1880 ; and toI. xir. p. 1741 : 1881. 

X E. Baumann and L. Brieger, Zeitiohr, /. physioL Chem^ vol. iii. p. 254 : 
1879. The older Uteratnie on the indigo-forming substance of the urine is 
appended. 

§ a Badziejewsky, Du Bois' Arch^ p. 87 : 1870 ; W. Kfihne,' Ber, d. 
deuMu ehem. Oe$., vol. vilL p. 206 : 1875 ; NencM, ibid., toI. yiii. p. 336 : 1875 ; 
Salkowski, Zeii$ehr,f. phy$idL Chem,, vol. tiii. p. 417; and vol. IzxiL p. 8 : 1884. 
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CAN + = CgHeCOH) N 
IndoL ludoxyl. 

Indoxyl eombines, like most of the aromatic hydroxylized 
combinations (phenol^ cresol, pyrocatechin, etc.) with sul- 
phuric acid, undergoing dehydration (p. 277). Jaffe * showed 
that, after the subcutaneous injection of indol, the conjugated 
indoxyl compound reappears copiously in the urine. 

A larger quantity of the indoxyl compound has been found 
in the urine in intestinal obstruction. It is quite possible 
that this occurrence of large quantities of indigo might be 
utilized for diagnosis, by enabling us to determine in which 
section of the intestine the obstruction had taken place. Jaffe 
has shown, for instance, that the increase in the secretion 
of indoxyl occurred in dogs after ligature of the small, but not 
after ligature of the large, intestine. This is explicable from 
the fact that albumen, which yields the material for the 
formation of indol, is absorbed before reaching the large 
intestine. When the small intestine is ligatured, the albumen 
stagnates and undergoes putrefaction. Corresponding with 
this, Jaffe has observed an increased excretion of the in- 
doxyl compound in man occurring only in obstruction of the 
small, but not of the large, intestine. This is explained by 
the fact that the proteids, which furnish the indol by their 
putrefaction, are all absorbed before they reach the large 
intestine. Similarly Baumann has observed an increased 
excretion of the indoxyl compound in men in cases of 
obstruction of the small intestine, but never in cases of fsBcal 
obstruction of the large intestine. 

All the other aromatic combinations which occur in the^ 
urine as ooNJUaATBD bulphurio acids, arise, Uke the indol, from 
putrefaction of albumen in the intestine. Baumann f has 

* M. JaiK, Virchow'8 Arch,^ vol. Ixx. p. 72 : 1877. 

t E. B*ainanii, *^ Die aiomatifloben Verblndttngen im Harne irod die Darm- 
fialnifls," ZeiUohr. /. phpsiei. €hem,, voL x. pp. 128-188 : 1886. We partienlarlr 
reoommend itaiB short and lucid ttatement of BaOmann'B to the itadent. 
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shown that if a dog's intestine is cleared out and disinfected 
by the administration of calomel, the conjagated sulphnrio 
acids entirely disappear from the nnne. If, on the other 
hand, the putrefactive processes in the intestine are increased 
by neutralizing the antiseptic hydrochloric acid of the gastric 
juice by the administration of calcium carbonate, we get an 
increased amount of the conjugated sulphuric acids in the 
urine.* We thus see that an estimation of these acids in 
the urine may be of great value as a means of diagnosis, 
since we gain an insight into the intensity of the putrefactive 
changes in the alimentary canal. Thus, for example, if it 
be wished to disinfect the intestine previous to resecting it, 
we can determine when this is effected, by noting the time 
when the conjugated sulphuric acids disappear from the 
urine.f 

The question now arises, where and in what organs 
does the conjugation of the aromatic compounds, formed in 
the intestine, with sulphuric acid take place? This much 
is certain, that it does not primarily take place in the kidney, 
for after the administration of phenol, phenolsulphurio acid 
is found in the blood.t 

Phenol is a violent poison, but the phenol-sulphate does 
not exert toxic effects. Baumann therefore recommends 
sulphate of soda as an antidote to phenol-poisoning. He 
found that when phenol was applied to a dog's skin, the 
animal bore the poison better, and yielded more phenol- 
sulphuric acid when at the same time sulphate of soda was 
administered. This would not be intelligible if the com- 
bination primarily occurred in the kidney. 

Baumann found much more conjugated sulphuric acid 
in the liver than in the blood*. This renders it probable 

* A. KmI, ''Ueb. d. qoiiiiitatlva BemdMimg der MitiiepliMheii Ldsttmg 
dos MagentaftM," F&gUekr. f . EHI^fiiung d, mmm aUg, Kmake nhm t m m Bam- 
hmrg-Sppmkdorf : 18S9. 

t A. Koflt mid H. BaM, 3mkfmer mad Wookmuchrijt, Jahrg 1S88, K<k 4. 

X Bftaomnn, PflOger's Aroh^ voL xiU. p. 289: 187S. 
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that the synthesis occurs in the liver; that the poisonous 
aromatic combinations reaching it from the intestine are 
here subject to a transformation into innocuous com- 
binations before entering the general circulation (vide Lecture 

XVIIL). 

As yet we have only become acquainted with two sorts of 
combinations of sulphur as constituents of the urine : the salts 
of the ordinary bibasic and of the monobasic conjugated 
sulphuric acids. The quantity of sulphuric acid occurring 
in the latter form in human urine averages one-tenth of 
the amount of ordinary sulphuric acid.* But there is a 
much larger number of sulphur compounds in the urine. 
If urine acidulated with acetic acid is precipitated with 
chloride of barium, the ordinary sulphates are precipitated. 
If we now boil the filtrate, rendered strongly acid by the 
addition of hydrocAdorio acid, the conjugated sulphuric acids 
are broken up, and this portion of sulphuric acid may also be 
precipitated as a salt of bariunu If this filtrate is now 
evaporated to dryness and fused with saltpetre, we again 
obtain a considerable amount of sulphuric acid. This third 
group of sulphur compounds contains from 10 to 20 per 
cent, of all the sulphur excreted in human urine. In dogs 
and rabbits, the quantity of these organic combinations 
of sulphur is much lai^er.f Let us now consider what is 
really known about these organic sulphur compounds, and 
their relation on the one hand to albumen, and on the other 
to sulphuric acid. 

It is not much we know, but we will endeavour to collect 
and review the fragments of our knowledge. 

We are compelled to assume at least two atoms of sulphur 

* B. V. d. Yelden, Virohow's Arth., voL Ixx. p. 348 : 1877. 

t See Yoit and Bieohoff, « Die Gksetze der EnuLhrang dee Fleisohfieaeen,** 
p. 279: Leipzig, 1860; Volt, ZeUschr. /. Biolog., vol. L p. 127: 1865; vol. z. 
p. 216: ADm.1874; SalkowaW, Virohow's ^rdi., toL iTiii. p. 460 : 1873; Knnkel, 
Pfliigei^B Areh^ yoL xiv. p. 844 : 1877 ; B. L€pine» Gu^rin et Flavard, Setme de 
MAUHne, yoL i. pp. 27, 9U : 1882. "^ 
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in a molecule of albumen, one oxidized and the other un- 
oxidized.* If we heat albumen with potash, one sulphur 
atom goes to form sulphide of potash, the other forms sulphate 
of potash. The former may be easily recognized on boiling 
with an alkaline solution of lead oxide, when it is precipitated 
as lead sulphide. The proteids such as casein, the proteid 
moiety of hsBmoglobin, or legumin, which are poorer in 
sulphur, do not give this reaction. Among the organic decom- 
position-products of albumen in the animal body, we meet 
with the oxidized atom of sulphur in taxtbin, with the un- 
oxidized in cystin. If we boil the cystin with an alkaline 
solution of oxide of lead, a black sulphide of lead is thrown 
down. Of course, taurin, which we have already shown to 
be amido-ethylsulphonic acid (p. 209), cannot give this re- 
action. 

Cystin has the formula CaH^NSOa-t It does not occur 
in the normal organism. % We are not yet acquainted with 
the abnormal conditions under which a large amount of the 
sulphur is secreted in the urine as cystin* It appears, 
however, that even in normal metabolism, in the course of 
the formation of sulphuric acid products, a body is formed 
which is closely allied to cystin, and is distinguished from it 
only by an additional atom of hydrogen, viz. cystein. A sub- 
stituted cystein, for instance, appears in the urin^ of dogs 
after the administration of brombenzol. Baumann, § to 
whom we are indebted for the most searching inquiries into 

* The latest and meet careful reseaiehefl ob the condition of i^e snlphnr in 
proteids have been carried ont by A.'Kr1iger (Pflugei'e Arch., voL xliii. p. 
244 : 1888X Unfortunately, Bjrilger did not make use of pure material for his 
reeearehes. 

t £. Eiilz, ZeiUehr.f. Biolog., vol. xz. p. 1 : 1884. 

t Stadthagen, ZeUnAr, /. phy$i6L Chem,, vol. iz. p. 129 : 1884. 

§ £. Baumann and 0. Preusse, Ber. d. deutseh, ehem, 69^., vol. xii. p. 806 : 1879 ; 
ZeiiMtkr, /. 'phynoL Ckem,^ toI. ▼. p. 309 : 1881 ; M. Jafft^, Ber. d, deviaek, ckem. 
(Tea., vol. xil p. 1092: 1879; Baumann, ibid., toI. xv. p. 1781 : 1882; 2etoeftr. 
/. pkytkL Chem,^ yoL Yiii p. 299: 1884. Vide aUo E. Ooldmaon, ibid., vol. ix. 
p. 260 : 1884. 
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the origin of cystin, regards it as a lactic acid, in which H is 
replaced by NH3, and the OH by SH : 

CH3 

I /NH, 

COOH 

The substituted cystein which appears in the urine after 
administration of brombenzol, when boiled with dilute acids, 
is broken up, with hydration, into acetic acid and brom- 
phenylcystein : 

CH3 

l/NH, 

|\s(CeH3r) 
COOH 

Baumann obtained cystein trom cystin by the action of 
nascent hydrogen. The oxygen of atmospheric air reconverts 
the cystein into cystin. 

CH3 CH3 

H^— C — SH + + HS— C— NH, - H,0 



i 



OOH COOH 

CELj GH3 



+ HaN— C— S— S— C— NHa 

I I 

COOH COOH 

The empirical formula of cystin must therefore be doubled : 
CeHisNaSaOi* The origin of cystin in the animal body is 
probably due to a synthetic process, and possibly two 
molecules of albumen always yield the material for the 
formation of one molecule of cystin. 

The formation of bromphenylcystein would accordingly 
be a process quite analogous to that of cystin. Here again 
a divalent oxygen atom takes a hydrogen atom from cystin 
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and from brombenzol, and eflfects the linking of the liberated 
affinities : 



I CH3 CH3 

: I I 

I H,N— C— SH + +HC,HtBr = H^O + H,N-C — S (C,H4Br) 

COOH COOH 

Gystin does not dissolve readily in water, it therefore 
always occurs in urine as a sediment, and very occasionaUy 
causes the formation of vesical calculi. There are some 
people who secrete a large quantity (about one-quarter) of 
the sulphur, as cystin, without exhibiting any derangement 
in their health. This rare anomaly of metabolism sometimes 
occurs, probably as the result of heredity, in several members 
of the same family.* \ 

Under normal conditions cystin, or its antecedent 
cystein, breaks up still further and is oxidized, and the 
greater portion of its sulphur appears in the urine as 
sulphuric acid. This is confirmed by an experiment made 
in Baumann's laboratory by Goldmann.t He gave a little 
dog 2 grms. of cystein, and found that the greater portion, 
about two-thirds, appeared as sulphuric acid in the urine- 
The remainder had served to increase the organic sulphur 
compounds in the urine. This view, that the larger portion 
of the sulphur of cystein is converted by oxidation into sul- 
phuric acid, is confirmed by the fact that in the cystinuria 
of man, the urine has generally an alkaline or feebly acid 
reaction. 

We know little positively with regard to the fate of taurin 
[CHa(NHa) - CHaSOjH]. I have ahready stated that the 

* F. W. Beneke, ** Grandlinien der Pathologie dee Stoffweobsela," p. 255: 
Berlin, 1874. Compare also A. Niemann, DeuUek, Areh. f. klin, Med., vol. 
xviii. p, 232: 1876; W. F. Lobiuoh, Liebig'B 4nwd., vol. dxxxii. p. 231 : 1876; 
W. Ebstein, *< Die Natur nnd Behandlung der GichV ?• 130 : Wiesbaden, 1882 ; 
and **Die Nainr nnd Bobandlnng der Hnmsteine," p. 172: Wieabaden, 1884; 
Stadthagen, Vitchow'a Areh,, yol. c. p. 416: 1885. 

t E. Goldmann, Zeit$ehr.f, phyrioL Chem,, yoI. ix. p. 269: 1885. 
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amount of Bulphur which occurs as taurin in bile constitutes 
only a minute portion of the sulphur of the decomposecf 
albumen, and is only slightly increased if more albumen is 
taken (compare p. 214). It is questionable, therefore, whether 
a taurin molecule results from each molecule of albumen. In 
bile, taurin is conjugated with cholalic acid. In the intestine, 
the ferments of digestion and putrefaction doubtless cause this 
compound to break up with hydration. We do not know^ 
whether the liberated taurin is absorbed as such, or after 
preyiouB change. We have not been able as yet to prove its 
presence in the faeces nor in the urine. No satisfactory results 
have been obtained with regard to the further destination oi 
taurin, from experiments* consisting in its artificial intro- 
duction into the body. If large quantities of taurin are 
administered to man or dogs, the process of absorption does 
not take pl9.ce slowly enough to allow of its complete change 
into the normal end-products; one portion of the taurin 
appears as such in the urine, another as a substituted urea : 

H 




N<: 



H 

: 

n( 

\CH2-CHa-S03H. 

The presence of this substituted urea has not as yet been 
positively demonstrated in normal urine. In the rabbit, it is 
not even found after the artificial introduction of taurin. 
Almost all the sulphur of the taurin reappears as sulphuric 
and THiosuLPHUBio acid in the urine of these animals. The 
conversion into thiosulphuric acid, however, only occurs when 
the taurin is introduced into the stomach; if it is injected 
Bubcutaneously, the greater part reappears unaltered in the 
urine. The thiosulphuric acid is evidently formed by the 

* E. Salkowski, Ber, d, deuttch, ehem, Oe$., vol. vL pp. 744, 1191, 1312 : 1S73 ; 
and Virohow'B Arch^ Yol. IviiL p. 460 : 1873. 



COMPOSITION OP UKINE— SULPHOCYANIO ACID. 367 

processes of reduction, taking place in the intestine. In the 
normal urine of rabbits, thiosulphuric acid has not been 
found, though it occurs frequently in that of cats and dogs.* 
In human urine, it has only been once found in typhus.f 

SuLPHocYANio ACID, I (GNSH), also belongs to the sulphur 
compounds occurring in the urine. Gscheidlen found these 
acids constantly in human urine, and in that of horses, 
cattle, dogs, cats, and rabbits. On an average, one litre of 
human urine contained 0'02 grm. Munk found the average 
of three determinations to be 0*08 grm. Sulphocyanates were 
also found in dogs' blood. Gscheidlen proved that they are 
derived from the salivary glands. The saliva of mammals 
invariably contains small quantities of sulphocyanates. 
Gscheidlen and Heidenhain divided aU the ducts of the 
salivary. glands in dogs, and thus prevented the saliva from 
entering the mouth. The alkaline sulphocyanate was now 
found to have disappeared from the blood and the urine; 
although it was stiU present in the saliva flowing from the 
wounds. It follows that, in the normal condition, sulphocyanic 
acid is formed in the salivary glands, passes with the saliva 
into the intestinal canal. wlZce it is Absorbed into the blood 
and appears in the urine. We are ignorant as to the significance 
of these small quantities of sulphocyanic acid in the functions 
of the saliva, or in any other processes of the organism. 

Of the organic constituents of the urine, only those which 
are free from sulphur and nitrogen remain for our considera- 
tion. Lactic acid, sugar, and oxalic acid belong to this class. 
Lactic acid, however, has never been detected with certainty 
in normal urine. It has only been found in phosphorus 

* O Schmiedeberg, Arch, d- HeWc^Tol, yiii. p. 422 : 1867; Meissner, Zeitsehr, 
/. rat, Med., 3 Beihe, yol. zxzi. p. 322 : 1868. 

t Ad. Btriimpell, Arch. d. HeiUc^ yol. xvii. p. 390: 1876. 

X Leared, Proe. Ray. Soe,, yol. xvi p. 18 : 1870 ; Gscheidlen, '* Tageblatt d. 
47 Yen. d. Naiarf. u. Aerzte in Breslan," p. 98 : 1874 ; and Pfliiger's Arch., vol. 
ziy. p. 401 : 1877 ; Etilz, ** Sitznngsber. d. Ges. z. Beforder. d. ges. Natnrw. in 
Marburg," p. 76: 1875; J. Munk, Yuchow's Arck., voL Ixiz. p. 354 : 1877. 
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poisoning, atrophy of the liver,* osteomalaoia^t and trichi- 
nosis. | On teleological grounds, we must donbt whether 
lactic acid passes into normal urine, as this would be a waste 
of potential energy. The same argument applies in a still 
more forcible manner to sugar. All analyses of normal urine 
have the more positively shown the absence of sugar, the 
more carefully the investigation was carried out. Even those 
writers who assert the presence of sugar in normal urine, 
admit that they have only succeeded in finding it in very 
minute quantities. § 

^\ ik '^-f ^^^^^^ ^^^ ^^ ^ constant ingredient in normal human 
urine after a mixed diet, but it never occurs except in very 
small quantity, at most 0*02 grm. in twenty-four hours' urine. || 
This oxalic acid, in all probability, arises from the oxalic acid 
which is contained in the vegetable articles of food. There 
is at present no sufficient reason for assuming any other 
source for the oxalic acid of normal urine: I was unable to 
detect any oxalic acid in the urine of a young man in good 
health after two days* exclusive diet of meat, nor in the 
urine of another healthy young man after he had eaten 
nothing but fat meat and sugar. T It therefore appears that 
oxalic acid does not normally arise from any of the three 

* Schtiltzen and BieBS, AnruUen de$ Chariti^Krankenhauaes, vol. zt. : 1869. 

t Moers and Muck, Deutach* Areh. /. klin, Med., Tol. v. p. 485 : 1869. The 
method of testing used in this experiment was, howeyer, unsatls&ctory. Compare 
the critique of Nencki and Sieber, Joum.f* prakt Chem,, toI. zzvi. p. 41 : 1882. 

% Th. Simon und F. Wibel, Ber. d, devtaah. ehem. Oe$., voL iv. p. 139 : 1871. 

§ In this connection see E. Kiilz, Pfla^er^s Arch,^ yol. xiii. p. 269 : 1876 ; 
M. Abeles, CentraJEb. /. d. med. WiueMch.^ Nob. 8, 12, 22 ; 1879 ; J. Seegen, ibid.» 
Nofl. 8, 16 ; BeguluB Koscatelli, Moloschott's Unters. zur Naiwrlehre de» Menadken 
tt. d. Tk.y yol. xiii. p. 103 : 1881. L. y. Udranszky, Zeitsehr. /. phynol. Chem,j yol. 
zii. p. 377 : 1888 ; and Bericht. d. naturforteh. OeseUseh. z. FreQmrg, t. £., yoL iv. 
part y. : 1889. Compare the works quoted on pp. 281, 282« on glyouronto aoid. 

g P. FOrbringer. Detdgeh. Areh. f. Min. Med,, yol. zviii. p. 143: 1876; An 
account of tlie literature on the excretion of oxalic acid is given here. FUrbringer 
adopted Neubau<'r'ti method. O. Sohultzen (Dn Bois* Areh,, p. 719: 1868) 
found higher values by emploj^ng another method. A critique of both methods 
is given by Wesley Mills, whose researches on the subject were carried out under 
Salkowski, Viroliow's Areh,, vol. xoix. p. 305 : 1885. 

f I made use of Neubauex's method in testing for it 
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main classes of food. But the oxalic aeid contained in 
vegetable articles of diet must pass into the urine. The 
latest experiments carried out by Gaglio * in Schmiedeberg^s 
laboratory at Strasburg, show that oxalic acid is not de- 
stroyed in the human body. No oxalic acid was excreted 
either by a dog that was starving or by one that was fed on 
meat.f But if only from ^ to 1 mgrm. of oxalic acid or of 
oxalate of soda was injected suboutaneously, the presence of 
oxalic acid was demonstrated in the urine within the next 
twenty-four or forty-eight hours. If a neutral solution of 
oxalate of soda was injected into the crop of a cock, nearly 
all the oxalic acid was found in the discharge of the cloaca. 

It seems, however, that, under abnormal conditions,:]: oxalic 
acid may appear as the result of metabolism, owing to an 
imperfect oxidation of articles of diet. Medical literature con- 
tains numerous cases illustrating increased excretion of oxalic 
acid in jaundice, scrofula, hypochondriasis, and other diseases. 
We even find oxaluria spoken of as an independent disease. 
But we seek in vain for trustworthy quantitative determina- 
tions, with due consideration of the constituents of the food. 
The conditions underlying the occurrence of oxalic acid in the 
urine have great practical interest, because oxalic acid may 
lead to the formation of calculi. The lime salt of this acid 
is well known to be insoluble in water; hence this salt is 
frequently to be foimd in urinary sediments in the well- 

* Gaeiano Gaglio, Amh, /. exper» Path, u, PAami., toI. xxii. p. 246 : 1887. 

t In contradiodoQ to this aoootmt of Oaglio's, we find it stated by W. MiU 
(Yirchow's AreK, vol. xcix. p. 805: 1885) that he detected minute quantities 
of oxalic acid in the nrine of dogs fed exoluBively on meat or on meat and 
bacon. 

X In this respect, we should note the statements of Gaglio, who uniformly 
found oxalic acid in the urine of frogs, when he arrested their muscular move- 
ments by destruction of the spinal cord, by paralyzing poisons, or by mere 
fixation C'Giornale della R. aocad. dimed. di Torino,*' p. 178: 1883); and aUo 
those of Hammerbaolier, who found the excretion of oxalic acid increased in dog^ 
after the administration of bicarbonate of soda (Pflilger's Arefi,, vol. xxxiii. 
p. 89 : 1888). This effect of bicarbonate of soda was not confirmed by Fiirbringer 
in man. 

2 B 
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known octahedral form. If the oxalate is precipitated in the 
bladder, it may lead to the formation of vesical calculi. 
The solution of oxalate of lime in the urine depends mainly 
on its acidity. A solution of acid phosphate of soda dissolves 
oxalate of lime.* We can thus explain how it is that oxalate 
calculi sometimes form under similar conditions as phos- 
phatic calculi, and that occasionally vesical calculi consist 
of both ingredients, mixed up together or in concentric 
layers. I wish again to lay stress on the fact that increase 
in the sediment of oxalate of lime does not justify the in- 
ference that there is an increased secretion of oxalic acid. 
This erroneous conclusion has led to many mistakes. 

* G. Nenbaner, Arch, de9 Vereina fUr gemeinschafUidhe ArbeUen mw 
FOrderung der wUsensckaftlichen HeUkunde^ vol. iv. pp. 16, 17: 1858; and 
Moddermanti, Nederl Tijdsohr. : 1864, sammarized in Schmidt's Jahrbaeher der 
gesammten Med, Jahrg., vol. czxY. p. 145 : 1865. 
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METABOLISM IN THE LIVEB — FORMATION OF GLYCOOEN. 

We now approach one of the most involved and diflScult 
subjects in the whole range of physiological chemistry : the 
changes occurring in the liver. 

Like the kidney, the liver has to fulfil the function of 
maintaining the uniform composition of the blood. While 
the kidney removes all superfluous and foreign ingredients, 
the liver revises everything before it enters the blood. For 
this reason, it is interposed in the current that passes from 
the intestine to the heart. We have seen how it guards 
against the blood being overwhelmed with sugar, while, on 
the other hand, it prevents a deficiency of this important 
article of nutrition in the blood (pp. 219-220). We have also 
seen thai it is constantly converting ammonia, which is a 
virulent poison, into harmless combinations, such as urea and 
uric acid (pp. 826, 344). Similarly, the liver converts the 
equally poisonous aromatic products of putrefaction, which 
originate from the proteids in the intestine, into harmless 
compounds, by conjugation with alkaline sulphates (pp. 
360-362). We also know that many poisons, especially 
metals, are arrested in the liver. 

It also appears that the system of innervation of the 
liver is identical with that of the kidney. We have not 
hitherto been able to prove a direct influence of nerves upon 
the hepatic cell. The functions of the liver, like those of 
the kidney, are regulated directly by the composition of the 
blood. This fact also indicates that the chief duty of the 
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liver consists in regulating the composition of the blood 
(compare p. 852). 

In addition to this function, the liver, as we have already 
seen, performs that of secreting bile. We have already 
mentioned the grounds for our belief that bile is not merely 
an accidental product which is excreted during the essential 
changes taking place in the liver, and removed by the in- 
testine, but that it is a secretion which performs important 
duties in the processes occurring in the bowel {vide supra, 
pp. 207, 213-217). 

All these facts tend to show that the liver, the largest of 
all glands, is the seat of numerous and complicated chemical 
changes. It has been hoped, by comparing the composition 
of the inflowing and outflowing blood, to obtain an insight 
into these processes, or at least to suggest certain fruitful 
inquiries. Numerous comparative analyses have been made 
of the blood in the portal and hepatic veins.* But when we 
consider how large a quantity of blood passes through the 
liver, and how trifling the amount of bile and lymph formed is 
in comparison, we can scarcely expect to be able to demonstrate 
marked differences in the composition of the inflowing and 
outflowing blood. It is probable that the differences in the 
analyses of the blood of the portal and hepatic veins are due 
to experimental errors, for they have been smaller in propor- 
tion to the care bestowed on the analyses, and, in the most 
reliable determinations, are within the limits of unavoidable 
errors. 

There is only one article of diet which we should expect to 
find increased in the portal blood during digestion, i.e. sugar. 
While food rich in carbohydrates is undergoing digestion, such 
large quantities of sugar are absorbed in a brief period that, 
if they are retained in the liver, the portal blood must contain 

* 0. Flligge giyes a critical aooonnt of these works, Zeitschr, /. Bioiog,^ vol. 
ztiL p. 133: 1877; oomparo also W. Drosdoff, ZeiUekr,/. pkytioL Chem^ toL i. 
p. 233 : 1877. 
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more sngar than the remaining blood. This fact has been 
proved, as I have already mentioned {vide supra, p. 219). 

Another method of obtaining an insight into the pro- 
cesses occurring in the liver would consist in extirpating that 
organ, or at least in isolating it from the circulation of the 
blood, and noticing what changes take place in consequence 
in the animal metabolism. In this way we might hope, in 
the first instance, to decide whether the constituents of bile, 
the biliary acids and pigments, are formed in the liver or are 
conveyed to it by the blood. If the latter were the case, the 
liver would be only an excretory organ, and its extirpation 
would cause an accumulation of the biliary constituents in 
the blood and in the organs. 

We have already seen, when discussing the question as 
to the locality of the formation of hippuric acid, that frogs 
survive the extirpation of the liver for several days, but the 
experiments which have been carried out with reference to 
the present question, have been inconclusive, because the 
inquirers were unable to overcome the difiiculties which 
present themselves in the endeavour to demonstrate the 
constituents of bile in the organs of the frog.* 

I have already repeatedly mentioned that, on account of 
the accumulation of blood in the portal system after extirpa- 
tion or isolation of the liver in mammals, this operation has 
not as yet been successful in them (p. 814). In discussing 
the formation of uric acid, we have seen that this difficulty 
does not present itself in birdsi owing to their possessing a 
normal communication between the portal and renal veins 
(p. 843). Naunyn, Stem, and Minkowski have utilized this 
circumstance, in order to determine the question as to the 
seat of the formation of the biliary constituents in birds. 

* These expeiimentB are oritioized by Hans Stent, Arch, f, exper, Faih. u. 
Pharm,y Tol. xiz. pp. 42-44 : 1885. None of the experimenters has proved, by 
control-experiments, that he can demonstrate small quantities of biliary con- 
stitueots in frogs' tissue. 
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stem * ligattired the bile-ducts and all the vessels passing 
to the liver in pigeons, including not only the portal vein 
and the hepatic artery, but also the small veins. After 
from ten to twenty-four hours, the animals were bled to 
death. No secretion of urine had taken place after the 
operation, as renal activity always ceases in pigeons after 
ligaturing the liver.f If the biliary constituents were formed 
outside the liver, they would now accumulate in the blood 
and in the tissues, as they would have no exit. Stern paid 
special attention to the biliary pigment, which is easily de- 
monstrable ; but it was nowhere to be found, not even in 
the serum, on the application of Gmelin's very delicate test, 
nor in any tissues or organs ; there was no icteric discoloura- 
tion anywhere. On the other hand, if in pigeons the bile- 
dncts only were ligatured, biliary pigment was found after 
an hour and a half in the urine, and with perfect certainty 
in the serum after five hours. It follows, from these valuable 
inquiries, that the colouring matter of bile is formed in the 
liver. 

The same applies to biliary acids. This has already 
been proved by an inquiry carried out by Pleischl f in Lud- 
wig's laboratory. BiUary acids cannot be shown to exist in 
normal blood. § If the bile-duct be ligatured, the biliary 
constituents pass into the lymphatics of the liver, and 
thence direct through the thoracic duct into the blood. If, 
after ligaturing the bile-duct, a canula be introduced into the 
thoracic duct, so as to collect the chyle, bile-acids may be 

* Hans Stern, Arek. /. exper. Path, u, JPharm,^ vol. xiz. p. 39 : 1885. 

t Fowls, docks, and geese oontinue to secrete urine after the liver has been 
ligatured and extirpated (Minkowski and Naunyn, Arch, f, exper. Path, u. 
PAarm., vol. zzi. p. 8 : 1886). 

X E. Fleischl, Ber, d. h. sacks. Oes. d. Wtnenseh.^ Math, physikal. Glasse, 
Sitzung Yom 8 Mai, p. 42 : 1874. Vide also Kufferath, Du Bois' Arek^y p. 92 : 
1880. 

§ We must, however, assume that traces of biliary acids do occur in normal 
blood, as they are absorbed from the intestine. Dragendorff {Zeittchr, /. anal, 
Chem,y vol. zi. p. 467 : 1872;) aud Job. Houe (Dissert : Dorpat, 1878) found 
traces In normal human urine. 
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shown to be contained in it. If the bile-duct and the 
thoracic duct be ligatured at the same time, the latter becomes 
distended with lymph, but no trace of bile-acids can be found 
in the blood. 

The observations of Minkowski and Naunyn* perfectly 
harmonize with the results obtained by Fleischl, as the 
former, after shutting out the liver from the circulation, were 
never able to prove the existence of bile-acids in the blood. 

We are, therefore, certain that the specific constituents 
of the bile-acids and pigments are formed in the liver. 

We now come to the question as to the origin of the 
specific biliary constituents. With regard to the bih'ary 
acids, their nitrogenous moieties, glycocoU and taurin, are 
doubtless derived, as I have already shown (pp. 209, 363), 
from albumen. Gholalic acid, which is non-nitrogenous, does 
not necessarily originate in the same material. It is con- 
ceivable that it may be derived from another source, and 
subsequently combine with the nitrogenous compounds by a 
process of synthesis, with loss of water; this would be 
entirely analogous to the mode of formation of hippuric acid. 
We should note the small amount of hydrogen contained in 
cholalic acid (pp. 208, 209). If it be formed from fats or 
carbohydrates, the carbon atoms of the molecule must become 
linked by two bonds of affinity instead of one, as in the case 
of these two classes. This would only be a further proof that 
syntheses occurring in the animal are as complicated as those 
occurring in the vegetable cell. 

The colouring matter of bile, bilirubin (vide p. 210), 
almost certainly arises from the colouring matter of the blood, 
hsamatin. The following facts support this view. 

Biliary pigments are only found in animals whose blood 
contains hsemoglobin, i.e. the vertebrata. The invertebrata 
have not hitherto been shown to possess them. It might be 

* MinkowBid and Nann jn, Areh, f. exper. Path, «. Pharm., vol. zxL p. 7 : 
1886. 
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objected that this depends upon some other peculiarity of the 
vertebrata, as blood-cells containing hemoglobin are not the 
sole feature which distinguishes the vertebrata from the in- 
vertebrata. With regard to this, it is interesting to observe 
that the amphioxus, which has no red blood-corpuscles, bat 
which, from its whole structure, belongs to the vertebrata, 
forms no bile-pigment. Hoppe-Seyler * has searched for 
it without success. It is well known that the liver of the 
amphioxus is a mere cecal appendage of the intestine, the 
gland being only indicated as in the embryos of the higher 
vertebrata. 

It is almost certain that there is a genetic relation 
between bile-pigments and hssmatin, if we compare their 
constituents (compare pp. 58-69, 210, 250) : 

Hsematin C32H32N404Fe. 

Bilirubin G32HaeN40e. 

Biliverdin . . . . . • C3aH38N408. 

The following fact may also be brought forward as an 
argument : in extravasations of blood, the colouring matter of 
the blood disappears, and in place of it we find a crystallized 
pigment, which Virchow f was the first to examine carefully, 
and named hematoidin.j: The same writer pointed out its 
resemblance to bile-pigment. § Subsequently Bobin,|| Jaffe,1[ 
and Salkowski ** proved the identity of hsematoidin and bili- 
rubin. Langhans tt took the blood from the vein of a living 
pigeon and injected it under the skin of the same animal; 
after two or three days the colouring matter of the blood 

 Hoppe-Seyler, PflOger'B Arch., voL xiv. p. 899 : 1877. 
t Virchow in his Aroh,, T<d. i. pp. 879, 407 : 1847. 
X Virchow, loo, oit., p. 445. 
§ Ibid., loc. eU., p. 481. 

II Bobin, Compl, rend,, t. xli. p. 506 : 1655. Bobin obtained 8 grmi. of hmna- 
toidin crystalB from an hepatio cyst, and analyzed them, 
f Jaff^, Virchow's Arch.,Yo\, xxiii. p. 192 : 1862. 

** E. BalkowBki, Hoppe-Seyler'B Med, Okem. Unten.^ Heft iii. p. 436: 1868. 
tt Th. Tjanghanw, Virchow's Arch,^ toL zlix. p. 66 : 1870. 
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had disappeared from the subcntaneous clot, and was 
replaced by bilirubin and biliverdin. Quincke* performed 
the same experiment on dogs. In this case the conversion 
occupied more time; the bilirubin did not appear in the 
subcutaneous injection before the ninth day. Corduaf 
injected blood into the abdominal cavity of dogs, and found 
bilirubin after so short a time as thirty-six hours. Finally, 
Recklinghausen X has seen bile-pigment formed in the blood 
of frogs outside the body, after from three to ten days. 

Our clinical experience entirely accords with these experi- 
ments upon animals, for we see that after haemorrhages under 
the most varied conditions (in cerebral hssmorrhage, in 
pulmonary infarcts, in htematocele, in extravasations depend- 
ing upon mechanical injury, in abdominal hsemorrhages 
consequent upon extrauterine pregnancy, in rupture of the 
ovary, etc.), urobilin (vide p. 858), the product of the con- 
version of bilirubin, occurs in large quantities in the urine.§ 

Bilirubin is sometimes found in the urine, if from any 
cause haemoglobin passes out of the blood-corpuscles into 
the plasma. This may be brought about by the injection of 
water in large quantity, of chloroform, ether, or glycerin, 
into the blood, or merely by the injection of a solution of 
haBmoglobin.JI It may, however, be questioned whether the 
relation is as simple as it appears, and whether the bile- 
pigment occurring in the urine is formed from the heemo- 

 H. Quincke, Virohow'B Arch., vol. xov. p. 125 : 1884. 

t Herm. Gordaa, ** Ueber den BeBorpttonsmeohanismiiB von BlutergiLBsen : " 
Berlin, Hiraohwald, 1877. 

X BeoklinghauBen, ** Handbh. der allgem. Patliolog. d. Kreislanfes nnd der 
EmabruDg/' p. 434 : Stuttgart, Enke, 1883. 

§ £. yon Bergmano, **Die Himyerletznngen mit aUgemeinen and mit 
Henkymptomen," in B. Yolkmann's SamnUung JdinUeher Vortrag^, No. 190 : 
Leipzig, Breitkopf and Hartel, 1881:; B. Dick, Anh, /. GynSkologie, ToL xxiii. 
p. 1 : 1884. 

Kahne, Ytrchow's Arch., toL xir. p. 338: 1858. M. Hermann, ""De 
eiFeota aanguinis dilnii in eeoretionem nrinae," Dissert inang. : Berolini, 1859. 
Nothnagel, BerL klin. Wochmuekr, p. 81 1 1866. Tarohaaoff^Pfloger's Arch., vol 
ix. p. 53 : 1874. r 
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globin that has passed into the plasma within the circulation. 
The connection is probably one .of an indirect character.* 
The presence of hsBmoglobin in the plasma sometimes 
only causes hsemoglobinuria, sometimes both hemoglobinuria 
and bilirubinuriai or, again, bilirubinuria alone ; sometimes 
neither of these occurs. We have not yet satisfactorily 
settled the conditions under which the unaltered colouring 
matter of blood or its product is found in the urine. 

We have seen that bile-pigment is normally formed in 
the liver, but the observations made upon extravasations of 
blood show that in abnormal conditions it may also arise 
elsewhere. Hence it has been asked whether the bile- 
pigmeUt occurring in jaundice is invariably formed in the liver. 
The most frequent cause of jaundice, which is characterized 
by the appearance of bile-pigment in the tissues and in the 
urine, is well known to be a narrowing or a complete occlusion 
of the bile-ducts. This generally occurs at the orifice of the 
common bile-duct, in consequence of catarrh of the duodenum, 
or from the presence of biliary calculi, tumours, and the like. 
In this way the bile is blocked up, and reaches the lymphatics 
of the liver, passes into the blood through the thoracic duct, 
and thus into all the tissues and the urine. We term this 
form, obstructive, mechanical^ or hepatogenous jaundice. In 
contrast to this, an an-hepatogenous, hasmatogenous, or 
chemical jaundice f has been assumed, which was attributed 
to a conversion of the colouring matter of blood into bile- 
pigment outside the liver. A case was assigned to the latter 
class when no definite lesions could be discovered in the liver, 
and when, the flow of bile into the intestine being apparently 
unchecked, the faeces did not exhibit the "clay colour'* 
characteristic of jaundice (compare p. 215) ; moreover, 

* Vide E. Staddmann, Arch. /. exper. Path, u, Pharm,^ yoI. xt. p. 337 : 1882. 

t H. Qninoke^ Yirchow's Areh,t vol. xcv. p. 125 : 1884. Minkowski and 
Nannyn, Arch, /. exp. Path. «. Pharm,, toI. xxi. p. 1 ; 1886. A oritieal aocoQnt 
of the oomprehennTe literature on the yariouB forms of jauiidice is given by 
these authors. 
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certain forms of poisoning, as from arseniaretted hydrogen, 
chloroform, ether, fungi, and certain severe infective diseases, 
like typhus, malaria, pyaemia, gave countenance to this 
view. In many of these cases, a passage of hemoglobin 
from the blood-corpuscles into the plasma could be directly 
shown under the microscope. Stromata were also occasionally 
found in the blood, and hasmoglobin was seen to pass into 
the urine« It was, therefore, considered that in these cases 
a portion of the hsamoglobin, which had passed into the 
plasma, had been converted into bilirubin outside the liver. 

One might have expected to be able to distinguish the two 
forms of jaundice by the passage of the biliary acids into the 
urine, together with the bile-pigments in obstructive but not 
in hsematogenous jaundice. But it is manifest that the bile- 
acids are speedily destroyed after their passage into the blood; 
even in undoubted obstructive jaundice, their presence in the 
urine can sometimes not be traced. On the other hand, they 
are sometimes discovered in small quantities in normal urine 
(compare p. 374, note §)• Large quantities of bile-acids in the 
urine certainly allow us to conclude that we have to do with 
obstructive jaundice ; but their absence does not justify the 
inference that we have to deal with the hsamatogenous form. 

More recent research has proved that there is not at 
present any sound basis for the conclusion that the bile- 
pigment occurring in jaundice has any other source than the 
liver. 

Minkowski and Naunyn* removed the liver of a goose, 
and immediately exposed it and a healthy goose to the 
influence of arseniuretted hydrogen. After half an hour, 
the control goose evacuated urine containing biliverdin in 
considerable quantities, and which continued to be secreted 
for two days. On the other hand, the urine of the goose 
without the liver at first only showed a minute quantity of 

* Minkowtki and NftQnyn, loe, HL^ p. 18. Compare also Yalentini, Jnih, f. 
wpet. Faih, u. Fharm^ toL xxiv. p. 412 : 1888. 
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biliverdin ; but after half an hour's exposure to the poison , 
hsemoglobin appeared in the urine, and the urine subsequently 
discharged was perfectly free from bile-pigment. The blood 
also contained neither bilirubin nor biliverdin. It is, there- 
fore, extremely probable that the bile-pigment appearing in 
the urine after poisoning with arseniuretted hydrogen has 
its source in the liver. 

According to my view, every form of jaundice is induced 
by obstruction. We must not forget that it is not necessary 
that the larger bile-ducts should be completely obstructed, 
to ensure the passage of bile into the blood. The slightest 
disturbance, the least arrest of the flow from the primary bile* 
ducts, suffices to induce it. 

80 long as there is an unimpeded flow into the intestine, 
the biliary colouring matter follows this route, and does not 
pass into the urine. Tarchanoff injected a solution of bile- 
pigment directly into the blood of a dog with a biliary 
fistula, and found an increased secretion of bile-pigment 
in the bile which proceeded from the fistula ; but there was 
none in the urine.* We may therefore assume that, whenever 
biliary colouring matter occurs in the urine, it is a sign of 
biliary obstruction. The bile-pigment which is formed in 
extravasations of blood reappears, as already said, not in 
its original form, but reduced to urobilin, in the urine. We 
need not be surprised at such a reduction taking place in 
the tissues, as we know from the researches of Ehrlich that 
very energetic processes of reduction occur in many organs 
and tissues.f Ehrlich injected into living animals blue 
colouring matters, as alizarin blue, indophenol blue, which 
are decolourized by the withdrawal of oxygen. These colouring 

• Tarohanoff, Pflfiger's AreK voL ix. p. 332: 1874. Adolf Vossiua has oon- 
finned these results by freeh experiuieuts {Areh, /. exper, Fath, ti. PJkarm., toL 
xi. p. 446 : 1879). Vide also A. Ktmkel, Virahow's Arek., vol. Ixxiz. p. 463 : 
1880. 

t P. £hrlioh, " Das SauezBtoffbedUr&iss dfis Organismus : " Berlin, Hizadiwaldy 
1885. 
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matters circnlated in the blood-plasma withont being altered. 
Bat in certain tissues, especially in the connective and 
adipose tissues, they were decolourized. When a section 
was made into the tissues, they at first appeared colourless ; 
the blue colour did not appear untU the oxygen of the air 
had operated for some time. Possibly the reducing power of 
the tissues explains the increased excretion of urobilin which 
accompanies the fading of jaundice. The bilirubin which had 
penetrated the tissues during the biliary obstruction now 
returns to the blood as urobilin, and passes out through the 
kidneys into the urine.* 

The obstruction of the bile which occurs in the jaundice 
resulting from poisoning by arseniuretted hydrogen is probably 
caused in the following manner. There is an increased 
secretion of bile, for the intestine in the poisoned animals is 
loaded with bile. It is, therefore, perfectly plausible to 
assume that the copious inspissated bile cannot discharge 
itself quickly enough, and that this alone suffices to induce 
obstruction ; f for the pressure in the bile-ducts is very slight, 
and is counteracted by a trifling resistance, t Stadelmann § 
has convincingly shown that the jaundice resulting from 
poisoning by arseniuretted hydrogen or toluylendiamin is 
due to obstruction. When dogs with biliary fistulo were 
poisoned with these substances, there was a great increase of 
bile in the secretion, which was, moreover, very thick and 
tenacious. They never found catarrh of the duodenum, 
nor occlusion of the common bile-duct, in their numerous 
autopsies. It was palpable that jaundice resulting from the 
action of toluylendiamin was due to obstruction, from the 

* Vide KunkeU loe, eit., p, 468. Oompare also Qaincke, toe, cit^ p. 138. 

t Minkowski and Naunyn, loe. e</., p. 12. 

X Heidenhain, in Hermann's " Handb. d. Fhysiol.," yoL t. part i. p. 268 : 
Leipaig, Yogel, 1883. 

§ E. Stadelman, Arek, /. esper. Path. «. Fharm,, yol. xiv. pp. 281, 422 : 
1881; ToL XY. p^ 837: 1882; vol. ztL pp. 118, 221: 1883. Compare also 
Afanasnew, ZeiUehr.f, Mtn. Med., toI. tL p. 281 : 1883. 
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simple faot that large quantities of biliary acids were found in 
the urine. In the jaundice due to poisoning by arseniuretted 
hydrogen, biliary acids were also sometimes met with in the 
urine to a large amoant. 

We may now dismiss the subject of jaundice and the 
formation of biliary pigments in the liver. We possess no 
positive knowledge as to the fate of the iron which, in the 
process that we have been discussing, must be detached from 
the hsBmatin. We find very numerous combinations of iron in 
the liver, in which the iron is more or less firmly fixed ; from 
very simple inorganic forms, such as oxide and phosphate of 
iron, and organic combinations in which it is more stable, to 
those in which the iron is as firmly bound as in hsBmatin^ 
We know nothing as to the genetic Connection of these com- 
pounds, which have scarcely been submitted to any inquiry. 

As already mentioned, the foriiation of glycogen is one 
of the functions of the liver. The reasons why we are com- 
pelled to assume that the sugar which passes from the 
intestine into the portal blood is deposited in the liver as 
glycogen, have already been given (p. 219-220). Glycogen 
plays, in the metabolism of animals, a part similar to that 
which belongs to starch in the metamorphosis of plants : it 
is the form in which the excess of carbohydrates is stored up 
in the organism for future use. 

Glycogen t is distinguished from starch by its property 

* Vide St. Sz. Zaieeki, Zeiisehr.f, phynol Chem., voL x. p. 453: 1886, where 
a fnU acooant of the literature on the relatione of iron in the liver is giyen. 
Compare also the interesting illustrations of the microBcopical preparations in 
the work of Minkowski and Naunyn, toe. eiL 

t 01. Bernard CO(u. m^. de Paris, No. 13 : 1857 ; Compt rend.., i. xliT. p. 
578 : 1857) and Y. Hensen (Yirchow's Arch., yoL xi. p. 895 : 1857) each dia- 
oovered glycogen independently of the other, and isolated it from the liver. 
Briicke (SiixungBber, d, Wien, Akad,^ vol. Ixiii. part 2, p. 214 : 1871) has shown 
a method for the quantitative estimate of glycogen. Vide also O. Naaee, 
Pfl{iger*s Areh.fyol, xxiv. pp. 1-114 : 1881 ; B. Bohm and Fr. A. Hofmann, Arch, 
f. exper. Path. u. Pharm., vol. vii. p. 489: 1877; vol. viii. pp. 271, 375: 1878; 
vol. X. p. 12 : 1879; Pfluger's Areh., vol. xxiii. pp. 44^ 205 : 1880. Compare also 
Eiilz, Pflager*s Areh., vol. xxiv. pp. 1-114: 1881» for a complete aoooont of the 
literature on the suhject. 
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of swelling np and being apparently dissolved in cold water. 
The Bolntion is, however, never clear, but opalescent and not 
dijBFasible. Glycogen, therefore, in this respect resembles the 
colloid gummy carbohydrates, dextrin, arabin, bassorin, and 
the like ; but it is more complicated than dextrin, as this is 
obtained by the decomposition of glycogen. It yields products 
similar to those derived from starch when broken up, and is 
probably of as complex a nature. 

There is no room for the storage of the whole excess of 
carbohydrates in the liver. The liver of mammals rarely 
yields as much as 10 per cent, of glycogen, and generally much 
less. The human liver, therefore, which weighs 1500 grms., 
contains at most 150 grms. of glycogen. After a meal in which 
carbohydrates have been copiously consumed, much larger 
quantities often pass into the portal vein within a few hours, 
and we must bear in mind that at the commencement of a 
meal the liver contains some glycogen. It only becomes 
perfectly free from glycogen after several weeks* starvation. 
A large portion of the sugar, derived from the intestine, musi^ 
therefore pass through the liver. But as the amount of 
sugar in the blood does not rise after a diet rich in that 
substance, the sugar must be deposited in other organs than 
the Uver. We do, in fact, know that the muscles contain 
glycogen.* The percentage amount of this carbohydrate in 
the muscles is much smaller than that in the liver, and seems 
to vary in different animals ; the muscles at the most contain 
1 per cent., generally less than i^ per cent. Bohm f found 
the absolute quantity contained in the muscles of the cat 
nearly as large as that in the liver. The muscles of a horse, 

* The oocnrrenoe of glycogen in the mnacles was discovered by Bernard 
(Compt. rend., t. xlvili p. 683: 1859) and by O. Nasse (PflUger'B ArcK, vol. ii. 
p. 97: 1869; and vol. xiv. p. 482: 1877). A r^«iim^ of the first accounts of 
glycogen in miutole is given by E. Kftlz, loc, eit, p. 42. 6Iycof2;en in small 
q\iantities is also present in other organs. Compare M. Abeles, Ceniralb,/, li. 
fiMd Win,, p. 449: 1885. 

t B. Bohm, PflOgei'B Areh., rol. xxiii p» 61 : 1880. 
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after nine days* staryation, still contained from 1 to 2*4 per 
cent, glycogen.* As we shall see directly, glycogen is the 
material of muscular work. It disappears entirely from the 
muscles and liver after fatigue and want of food;t and 
sooner from the liver than the muscles.} It may be taken 
as a fact that the organs which are at rest give up their 
store of glycogen to those that are working, when there is an 
insufficient supply of food. 

It is probable that glycogen is conveyed from one part of 
the system to another in the form of grape-sugar. When 
broken up by ferments, glycogen is converted, in the first 
instance, into a carbohydrate resembling dextrin, and into a 
variety of sugar resembling maltose. § But in the living 
body, the passage of the glycogen from the tissues into 
the blood, causes a further advance in this change, and the 
glycogen is as completely converted into molecules of grape- 
sugar as it would be by boiling with dilute sulphuric acid. 
The majority of inquirers have been unable to show the 
presence of glycogen or of any colloid carbohydrates in the 
blood. I 

Glycogen is not only a source of power for the muscles ; 
it is likewise a source of heat. If we lower the temperature 
of a rabbit by cold baths and cold air, all but minute traces of 

* O. Aldehoff (Kfilz'B laboratory), Zeittehr. /. Biolog,, vol. xzy. p. 162 : 1888. 

t B. Lnohitinger, ** Experimentelle and kritisohe Beitrilge zur Physidogie 
nad Pathologle dee Glyoogens," Viert^jahrttkr, der Ziarieher nalurfonehenden 
GeidUeha/t: 1875. See also Pfliiger*B Areh,, vol. xviii. p. 472: 1878. G. 
Aldehoff, Zeitgehr,/, Bidog.^ toI. zzt. p. 187: 1889. 

t Aldehoff, loo. oiL 

§ O. Nasse, Pfldger's Areh,, toL ziv. p. 478: 1877; Hnscaltis and Ton 
Mering, Zeitaehr. /. phygioL Chem., vol. ii. p. 413: 1878; E. Kulz, loe. eiK^ 
pp. 52-57 and 81-84. 

I O. Naaae, *' De nkateriU amylaceis, n«m in aangahie animalium invenittDkir, 
disqnisitio,*' Dueert: Halle, 1866; Hoppe-Beyler, ** Physiol. Ohem.," p. 406: 
Berlin, 1881. Salomon oomee to different oonolniionB (DouUche med. Woekentehr. , 
No. 85 : 1877). Frerichs C< Ueb. d. DiabetM," p. 6 : Berlin, 1884) also oomea to 
the eoneloBion that there ia eoaatantly a amall aiaoant of glycogen in the blood* 
for the most part contained in the white blood-corpnacles. Thin, howeyer, ia not 
a pecnliarity of lencocyteHlmt ia pKotiably common to aU oella. 
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the glycogen is found to have disappeared from the liver after 
a few hours.* Starvation deprives warm-blooded animals 
more rapidly of their glycogen than cold-blooded animals, 
and among the former small animals with a relatively large 
surface lose it sooner than the bigger ones.f Starving rabbits 
lose their glycogen in from four to eight days ; dogs not before 
two or three weeks ; frogs, in summer, after from three to six 
weeks. Frogs which have had no food during the whole 
winter do not show an entire absence of glycogen imtil the 
spring. Hibernating mammals are equally slow in con- 
suming their store of glycogen.} 

If we introduce carbohydrates into the stomach, or 
directly into the blood of rabbits, whose liver, after six days 
of starvation, has been rendered quite free from glycogen, a 
large amount of glycogen is found in the liver after a few 
hours.§ 

It is probable that the glycogen stored in the liver and 
the muscles is not derived exclusively from the carbohy- 
drates of the food. It appears that the albuminous and 
gelatinous substances of the food also take part in the for- 
mation of glycogen. Animals that have been exclusively 
fed for a considerable period on lean meat, exhibit large 
stores of glycogen in their liver and muscles. Naunjn || fed 
fowls for a long time (in one experiment for six weeks) 
exclusively on muscle, which had been stewed down and 
squeezed out, and therefore was almost entirely free from 
carbohydrates, and he then found large quantities of glycogen 

• £. Efliz, Pfluger's Arch,, yol. xxiv. p. 46 : 1881. Vide fdao B5hm and 
Hoffinann, Arch. /. eo^per. Path, «. Tharm.^ vol. viii. p. 295 : 1878. 

t B. Luchainger, loo, dt. 

t Bchiif, " Unt tiber die Znckerbildung in der Leber," p. 30 : Wiirzbnrg, 
1859; Valentin, Moleschott'a UrUerB, zur NaturUhre^ etc., yol. iii. p. 223 : 1857; 
0. Aeby, Arch, /. exper. Path, u, Pharm,^ vol. iii. p. 184 : 1875 ; Voit, Zeilschr. 
/. Biolog,^ vol. xiv. p. 118: 1878. 

§ E. Kiilz, Pfliiger'a Arch., vol, xziv. pp. 1-19: 1881. The nnmeions ex* 
perimenta of a aimilar nature made by earlier authors are given here. 

I B. Naunyn, Areh,f, exper. Path. «• Pharm.t vol. iii. p. 94 : 1875. 

2 o 
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(as much as to 8*5 per cent.) in the liver. Yon Mering * fed 
a dog, which had heen previously starved for twenty-one 
days, for four days exclusively on washed bullock's fibrin. 
The animal was killed six hours after it had been last fed, 
and the liver, which weighed 640 gnns., contained 16*8 grms. 
of glycogen. A control animal of nearly the same size showed, 
after twenty-one days of starvation, 0*48 grm. of glycogen in 
the liver. It would necessitate very forced modes of ex- 
planation to assume from these and many other similar 
experiments, that the glycogen did not arise from the 
albumen. 

We may also quote, in support of the view that carbo- 
hydrates are formed from albumen, the fact that in the severe 
form of diabetes mellitus, under a protracted and exclusive 
flesh-diet, the secretion of sugar does not cease, and that the 
quantity of sugar increases in proportion to the amount of 
albumen consumed.f 

Yon Mering's experiments on phloridzin diabetes are well 
worth mentioning.} Phloridzin is a glucoside, found in the 
root cortex of apple and cherry trees. If we administer a 
certain amount of this to a dog (1 grm. for every kilogramme 
of the body-weight), we find, after a few hours, sugar in the 
urine. This glycosuria ceases in two or three days, and we 
then find the liver and muscles totally free from glycogen. 
If we now administer phloridzin again, we find a still larger 
amount of sugar excreted. Yon Mering concludes that this 
must proceed from proteid. If we would doubt this, we 
must assume that the sugar has been formed out, of fat — an 

* Yon MeriDg, Pfliiger's Areh,^ toI. xiv. p. 282 : 1877. The experiments 
made on this subjeot by earlier authors are appended. Vide also Benj. Finn, 
Verhandl. cL phyiik. med. Oes. zu WUrzburg. N. jP., vol. zL Heft !., IL : 187(5; 
and S. Wolffberg. Zeitschr,/, Bidog., toI. zii. p. 810 (Exp. 4) : 1876. 

t Von Mering, ** Tageblatt der 49 Natnrforscherversammlaug in Hamburg/* 
summarized in the Deutsche Zeitschr,/. prdkt Med^ Ko. 40 : 1876 ; and No. 18 : 
1877; Kaiz, Arah.f, exper. Path, u, Fharm., Tol. vi p. 140 : 1876. 

X Yon Mering, Verhandl. d. Congr. /. inn. Medioin,t Funfter Congress, Wies- 
badeo, p. 185: 1886;^and Sedifiter Congress, Wiesbaden, p. 849: 1887. 
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assumption for which we have not np to the present the 
warrant of a single fact. 

It is doubtfiQ whether glycogen arises from the fatty 
materials of food. Almost all authors* agree that the gly- 
cogen of the Uver does not increase in amount after fatty 
food. It is, however, conceivable that, under Certain con- 
ditions, the fat that is stored up in the tissues, after 
previous conversion into glycogen, may serve as material 
for muscular work. But the possibility of the converse 
process must also be borne in mind, viz. the conversion of 
glycogen into fat. We shall soon have occasion to see that, 
as a matter of fact, carbohydrates may be converted in the 
animal body into fat. 

* A snmmaiy of these authors is given by Yon Mering, Pfliigei's Ardt,, 
▼ol, xiT. p. 282 : 1877. 
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LECTURE XIX, 

THE SOURCE OF HUSCULAB ENEBGT. 

In our last observations on the formation of glycogen and 
the behaviour of carbohydrates in the body, I repeatedly 
stated that glycogen must be rftg^rdfid as jhsL material of 
muHcnl^r ly^rk. We will now proceed to consider the facts 
which have led to this view, and to give a connected account 
of all that is at present known concerning the source of 
muscular energy. 

The most obvious theory that the source of muscular 
work is the metabolism of those substances which form the 
main constituents of muscle, viz. proteids, was obstinately 
maintained by Liebig * to the end of his life. This teaching 
was, however, shown to be erroneous by the following experi- 
ment : — 

Fick and Wislicenus f ascended to the summit of the 
Faulhom, a height of 1956 metres above the level of the 
sea. The urine excreted during the six hours' ascent and 
for the succeeding six hours was collected, and the nitrogen 
contained in it was estimated. During this time, and for 

* It is Toty instrnctive to read the original works in which the reasons adduced 
in favonrof and against Liebig's doctrine are given. To this end we reoommend 
Liebig's treatise, *' Ueber die Gahrung nnd die Qnelie der Muskelkraft nnd 
uber Emahrang ; " Liebig's Ann. d. Chem. u, Pharm., vol. oliii. pp. 1 and 157 ; 
and Volt's reply, " Ueber die Entwickelnng der Lehre von der Quelle der Mus- 
kelkraft und einiger Theile der Emahrung eeit 25 Jahren," Zeitsehr, /. Btolog,, 
vol. vi. p. S05 : 1870. The older literature on this question is here critically 
treated. 

t A. Fick and J. WisUoenus, VierUHJahsckr, der Zuricher naturfon^iendenOet., 
vol. X. p. 817 : 1865. 
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twelve hours previous to the oommencement of the experi- 
ment, only non-nitrogenous food, starch, fat, and sugar, had 
been taken. The consumption of proteid was calculated from 
the nitrogen found in the urine. In Fick it amounted to 
88, and in Wislicenus to 87 grms. From the amount of heat 
produced by the combustion of the carbon and hydrogen in 
the albumen, a maximal value * was deduced for the heat- 
equivalent of the albumen, and it was found that 87 grms. 
of albumen yielded 250 units of heat, which corresponds to 
106,000 kilogrammometers of work. Wislicenus weighed 76 
kgrms. It follows that, in merely raising his body to the 
summit of the mountain, he had done work amounting to 
76 X 1956 = 148,656 kilogrammometers. But the work done 
during the ascent was really much greater ; Fick and Wisli- 
cenus calculated that the work done by the heart and by 
respiration in the same time amounted to 80,000 kilogram- 
mometers. We have also to consider that even on level 
ground every step entails work, which is converted into heat 
and is lost, and that the other parts of the body, the head 
and arms, are moved during the ascent, etc. It follows that 
much more work had been done than would be covered by 
the potential energy contained in the proteid consumed. The 
non-nitrogenous constituents of nutrition and of the body 
must therefore have been utilized as sources of energy. 

The view that proteid is the exclusive working material 
of muscle, is more precisely controverted by a series of very 
careful experiments on tissue-change. These show that the 
excretion of nitrogen during twenty-four hours of extreme 
labour is as great as, or but little more than, in a quiescent 
state ; but that, on the other hand, the excretion of carbonic 
acid and the absorption of oxygen is much increased on the 
days of work, and that, therefore, during muscular work non- 
nitrogenous food is chiefly consumed. 

* That this yalne most be much too high is endent from what we hare 
mentioiied before (pp. 68, 70-71). 
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Voit * was the first to carry out a carefdl experiment of 
this kind. He caused dogs to run in a large tread- wheel. On 
the days before and after the day of work, the animals were 
quiescent with the same food. Some of the experiments 
were made on fasting animals. The output of nitrogen 
for twenty-four hours was accurately determined, and it re- 
sulted, from two experiments with fasting animals, that the 
excretion of nitrogen was not increased on the working days. 
In two other experiments with a fasting animal, and in two 
with a diet of lean meat, the increase was very slight. 

Quite recently, at the experimental farm of Hohenheim, 
0. Eellnerf has instituted similar experiments on horses. 
On the working days, he found a greater increase in the 
excretion of nitrogen than was shown in the experiments of 
Voit. It was only when very large quantities of carbo- 
hydrates were given to the horses that this increase failed. 

Pettenkofer and Voit^ have also made experiments on 
man to determine the influence of work upon the excretion 
of nitrogen. The elimination of carbonic acid, and indirectly 
the amount of oxygen consumed, was determined at the same 
time by the respiratory apparatus. They found that on the 
working days the excretion of nitrogen was identical with 
that on the days of rest, food being the same. The amount 
of sulphuric and phosphoric acids secreted was not increased 
on the working days, but the excretion of carbonic acid and 
the absorption of oxygen rose very considerably. 

Lavoisier § had already shown that the absorption of 

* 0. Voii, ** Unt. fiber den Einflnss des EoohMdzes, des Eaffees trnd der 
Mtuikelbewegungen anf den StoffwechseV p. 153, et teq, : Mlinchen, 1860; and 
Zeitsdir. f. Biolog,, vol. ii. p. 339 : 1866. 

t O. Eellner, LandmrfhwhafUiehe JdhrbScher, vol. viiL p. 701 : 1879; and 
vol. is. p. 651 : 1880. 

X Pettenkofer and Voit, ZeitKihr, / Bidhg., yoL ii. pp. 488-500 : 1866. Com- 
pare also Felix Schenk, Arch, /. exper. Path. u. Pharm,, yol. ii. p. 21 : 1874 ; and 
Oppenheim, Pflnger's Arch,, vol. zxlii. p. 484 : 1880. (Compete, in reference to 
Oppenheim's work, the remarks on p. 185.) 

§ Segnin and Layoisier, ** Premier m^moiie snr la reBpiretion dee animanx/' 
Mem, de Vaead, de$ tdnuxB^ p. 185: 1780; or (Euvres de Ikivoutor, Pazia, 
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oxygen and the excretion of carbonic acid were increased by 
muscular work. Vierordt,* Scharling,t Ed. Smith,f C. 
Speck, § and others^ with more perfect methods of investiga- 
tion, have confirmed this discovery. The increase in the 
absorption of oxygen and in the excretion of carbonic acid 
has been determined not only by the investigation of the 
interchange of gases in the respiratory apparatus, but also 
by a comparative determination of the oxygen and the 
carbonic acid in venous blood, taken from the quiescent and 
the tetanized muscle. This was done by Ludwig and Sczel- 
kow,| and finally in a masterly inquiry carried out in Lud- 
wig's laboratory by Max von Frey,ir with the advantage of 
all the perfected technical aids. 

From the experiments that have been quoted^ it is 
apparent that muscle chiefly works with non-nitrogenous 
food, and carbohydrates readily suggest themselves, as they 
are invariably stored up in muscle in the form of glycogen. 
Gl. Bernard, the discoverer of glycogen, was also the first 
to observe that this store of glycogen disappears during 
work.** He also found that when a muscle is artificially 
brought to a state of quiescence by division of its nerve, its 
glycogen increases. These statements of Bernard have been 
subsequently confirmed by many experiments.ff If one of 

Imprimerie imp^riale, i ii pp. 688, 696 : 1862 ; and LavoiBier^B letter to Blaok, 
dated November 19, 1790, printed in the *« Report of the Fortj-fiiBt Meeting of 
the British Assoa for the Adr. of Science," held at Edinburgh, in Angost, 1871, 
p. 191 : London, 1872. 

* Vierordt, ** Phjsiologie des Athmens : " Karlsrahe, 1845. 

f Scharling, Ann, d. Chem. u, Pftarm., voL zly. p. 214: 1848 ; Joum,f,prakl. 
Ckem,, yoL xWiil. p. 435 : 1849. 

t Bd. Smith, Phih$. Trans,, toI. exlix. (2) pp. 681, 715: 1859; Medico- 
ehirurg. Tram,, yoL zlii p. 91 : 1859. 

§ 0. Speck, Sehriften der Ot$, i ur B^ifrderung d, ges. Naiurtei$aen9eh, tu 
MaHmrg, toI. x, : 1871 ; Arch.f» exper* Path, u. Pharm.,r6L it p. 405: 1874. 

I Ludwig and Scxdkow, Wiener SUgungtber^Tol. zlv. p. 171: 1862; ZeiUehr, 
f. fat Med., Tol. zWL p. 106: 1862. 

% Max Ton Prey. Du Boi** Areh,, pp. 519, 538: 1885. 

** OL Bernard, Oompt. rend,, t xlviii. p. 683 : 1859. 

ft An account of theee is given by E. Kiilz, Pflfiger^B Ar^,, toI. xxiy. p. 42 : 
1881 ; and £d« Maroh^ JZatiioftr. /. Biolog., ToL xxt. p. 163 : 1889. 
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the hind legs of a frog be tetanized^ it is always fonnd to 
contain less glycogen than the other, which has been at rest. 

Eiilz * allowed dogs that had been previously well fed to 
starve for one day, and on this day to drag a heavy cart for 
from five to seven hours. The dog was then immediately killed, 
and the amount of glycogen in his liver determined. Of five 
dogs employed in this experiment, the liver in four showed 
that all but mere traces of glycogen had disappeared. The 
liver of the fifth, which was distinguished from the others 
by being old, very fat, and sluggish, weighed 240 grms., and 
contained 0*8 grm. of glycogen. I have previously remarked 
that, daring starvation without work, glycogen does not dis- 
appear from the liver of a dog imtil the third week. 

Hence there can be no doubt that carbohydrates serve as 
a source of muscular energy. 

However, it would be too much to assume that carbo- 
hydrates are the sole source of muscular energy. We have 
just become acquainted with experiments from which it 
appears very probable that glycogen is formed from albumen 
(pp. 885-^86). Hence we infer that albumen may also serve as 
a source of muscular energy. It is a fact that camivora may 
be fed for a long time exclusively on lean meat, without impair^ 
ing muscular vigour. I cannot conceive any explanation of 
the metabolism of the animals thus fed, without assuming 
that albumen may serve as a source of muscular power. 

Nor is it improbable that fat may serve for the same 
purpose. It would not be difficult to determine this question 
by experiments upon fasting dogs. Eulz has already shown 
that a fasting dog consumes its store of glycogen on the very 
first day of hard work. A determination of the excretion of 
nitrogen and carbon on subsequent days, when the work was 
continued, would afford a certain reply to the question whether 
chiefly albumen or chiefly fat supplies the animal with 
working power. When Yoit made his experiments on fasting 
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dogs, the animal generally worked only one day ; in one of 
his experiments,* however, the work was continued for three 
successive days, and they had been preceded by three fasting 
days, without work. Kiilz's dogs worked and fasted for one 
day only, previous to which they had been supplied with 
ample food for some days, and still after the first day of work 
their glycogen had disappeared. It follows, therefore, that 
Yoit's dog must have been quite free from glycogen on the 
second and third days of hunger and work. Nevertheless 
there was only a trifling increase in the excretion of urea. 
I think, therefore, it must be concluded from this experiment 
that the store of fat in this dog had been drawn upon to 
carry on its muscular work. 

I hold that muscle draws its energy from all the three 
main classes of food. We might assume a priori, on teleo- 
logical grounds, that in the performance of its most important 
functions, the organism is, to a certain extent, independent 
of the quaUty of its food. As long as non-nitrogenous food 
is supplied in adequate quantity or is stored up in the 
tissues, muscular work is chiefly maintained from this store. 
When it is gone, the proteids are attacked. The results 
obtained from the above-mentioned experiments of Eellner 
entirely agree with this statement; he found that, in the 
horse, the excretion of nitrogen is increased by muscular 
work only when the animal does not receive a sufficient 
supply of carbohydrates. 

It has often been surmised that muscular energy is not 
derived from the processes of oxidation, but from those of 
decomposition. Certain facts seemed to favour this view. 
Thus Hermann t found that an excised muscle contains no 
removable oxygen, and that, nevertheless, it executes numerous 
contractions and gives off carbonic acid when placed in a 

* Yoit, •• Ueb. d. Einfl. d. EoohsalEes." etc., pp. 157, 158. 
t L. Hennann, **UDt. fib. d. Stoffweohsel der Miukelii, auagehend vom 
GasweohBel denelben:" Berlin, 1867. 
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medium deprived of all oxygen. We know that the chemical 
potential energy introduced by food may in part be con- 
verted, by mere breaking up without oxidation, into kinetic 
energy; that the heat of combustion of the products of 
decomposition is lower than that of the original food, and 
that therefore heat must be liberated during decomposition. 
We have given direct proof that this development of heat 
accompanies many processes of decomposition. (Compare 
pp. 68-71, 179-184.) 

The above-mentioned fact, that in muscular work the 
consumption of oxygen is increased, is not opposed to the 
assumption that only a part of the chemical potential energy 
is transmuted into kinetic energy during decomposition. 
The two processes, decomposition and oxidation, might occur 
at different periods ; the former serves for muscular work, the 
latter provides heat. Both processes may also be separated 
as to their locality, the decomposition occurring in the proto- 
plasm of muscular fibre, while possibly the oxidation of Utte 
products of decompositidn occurs in other tissue-elements. ' 

From this point of view, the absorption of oxygen would 
mainly serve for the production of heat. There is a remark- 
able difference in animals in their requirement of oxygen^ 
and it appears that the want is regulated by the amount 
of heat generated. A mammal requires at least from ten to 
twenty times as much oxygen, in proportion to its weight, 
as a cold-blooded animal.' A bird uses up more than a 
mammal. A small animal, giving off more heat from a 
relatively larger surface, requires more than closely allied 
animals of a large size. Young animals require more than 
full-grown animals of the same species. These differences 
are well shown in the following table : — 
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Amount of Oxtgbw oonstjved in T.wentt-foub Hottbs, in Proportion to 

1 Grx. of Weight, in O.cm. at 0° 0. and 760 Mms. of Mkrcurial 
pressurb.* 

Sparrow .. •. •« •• •• 161*0 

Duck 280 — 320 

Dog 150 — 230 

Man 70^110 

Frog 1-0 — 2-0 

Earthworm 1*7 

Tench • 1*3 

Eel 0*97- 1*2 

Lizard, hibernating 0*41 

If it is correct to regard muscular energy as mainly 
produced by the decomposition of food, and heat chiefly by 
oxidation, we should expect that animals which develop no 
heat would require the smallest amount of oxygen. This 
is the case with the entozoa of warm-blooded animals, which 
reside in a uniformly high temperature. We know that the 
intestinal parasites live in a medium which is almost entirely 
free from oxygen, for the most recent and most careful 
analyses of intestinal gases have demonstrated no oxygen in 
them. We know that active processes of reduction occur m 
the intestinal contents; that they constantly give rise to 
nascent hydrogen ; that sulphate? are reduced to sulphides, 
and oxide to suboxide of iron« The amount of oxygen taken 
up by the intestinal parasites must therefore be excessively 
small. It is possible that they attach themselves to the 
waUs of the intestine and take up oxygen which is diffused 
from the tissues of the bowel, before it is taken possession of 
by the reducing substances of the intestinal contents. But it 
is also possible that mere traces of oxygen are necessary for 
their existence, or even that they require no oxygen, as 
is asserted of certain bacteria and fungi (compare above, 
p. 268, note t)* This question can only be decided ex^eri- 

* The figures given for the consumption of ixxjg&tk in man are derived from 
the work of Pettenicofer and Yoit jZeiUokr. f, Bicilog., vol. ii. p. 486, 489 : 1866} ; 
tboee for fish horn tiiat ot Jolyet and Begnard {Areh, de PhywitH. normaU ei paihol^ 
■erie IL 1 iv. pp. 605, 608 : 1877). The remaining fignros are ftom the work of 
Begnaolt and Beiset (Ann. de ehim, et de phys.^ t xzvi : 1849). 
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mentally. I have made many experiments with the roxmd 
worm (Ascaris mystax) of the cat, and have satisfied myself 
that these animals can live in media entirely free from oxygen 
for from four to five days, and be extremely active during the 
whole time.* Whoever has seen these movements must be 
convinced that oxidation is not the source of muscular energy 
in these animals. 

The objection might be raised that they have a store 
of oxygen in their bodies, which is but loosely fixed. We must 
admit this possibility. Asoarides are sometimes found in 
the stomach. It is possible that they rise into the upper 
part of the digestive tract in order to supply themselves with 
oxygen. But this proceeding has no analogy with what is 
observed in higher animals ; as soon as the supply of oxygen 
is cut off, the store contained in the oxyhsemoglobin is con- 
sumed in a few minutes, and the animals perish. Pfluger t 
and Aubert % ^^BrfQ certainly shown that frogs may remain 
alive for several days in an atmosphere containing no oxygen, 
but only at a very low temperature^ which causes a reduction 
of the entire metabolism of these animals to the lowest 
point. § If they are left at the temperature of the room, 
they become motionless after a few hours ; while ascarides 
move about most actively at a temperature of 88° C. for 
several days in media devoid of all oxygen. I am far from 
applying to higher animals the conviction derived from the 
observation of these animals, that muscular energy is mainly 
due to processes of decomposition. Intestinal parasites, 

* G. Bulge, ZeiUchr, f. phyHoU Chem., Tol. yiii. p. 48 : 1883. 

t Pflflger, in his Arch., vol. z. p. 313 : 1875. 

X Aaberi, ibid., toL xxiv. p. 293 ; 1881. 

§ As we might a priori expect, we find that in cold-blooded (poikHoihermi^^ 
animals, a rise of the temperature of their environment causes increased metabolism 
and oonsnmption of oxygen, whereas the reverse is the case in warm-blooded or 
homoialhermio animals. A critical account of the numerous experiments by 
which this statement has ,been estabUsbed will be found in a paper hj Voit, 
ZeiUehr.f. Biolog,^ vol. iv. p. 57 : 1878. Compare also Max Buhner, Da Bois' 
Areh., pp. 38, 248 : 1885. 
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which are constantly snrrounded by food-supplies^ can afford 
to be wasteful of their potential energies^ and only utilize 
that portion of them which is converted into kinetic energy 
by mere decomposition. Such a proceeding would be pur- 
poseless in the higher animals. I have already mentioned 
the reasons in favour of the view that in the higher animals 
oxygen penetrates through the capillary walls into the tissues 
(pp. 261-267). With regard especially to muscular tissue, we 
have to add an important fact to the reasons adduced : the 
occurrence of haemoglobin in muscle.* Both probability and 
analogy justify the view that the heemoglobin performs the 
same functions in muscle as in blood, i.e. that of oxygen- 
carrier. 

The amount of kinetic energy which may develop by 
mere decomposition without oxidation, from the chemical 
potential energies of food, is much too small adequately to 
explain muscular work. Let us first consider the carbo- 
hydrates, which certainly are the chief source of muscular 
energy. 

Unfortunately, we are not sufficiently familiar with the 
nature of the process of decomposition of the carbohydrates 
in muscle. It has often been opined that they break up in 
the first instance into sarco-lactic acid.f Normal blood in- 
variably contains some lactic acid ; the amount increases in 
tetanized animals, and when blood is artificially passed 
through a living and working muscle.^ But it appears that 
the amount of lactic acid formed in muscle is too trifling to 

• W. Kuhne, Virchow'e Arch.,, vol. nziii. p. 79 : 1865 ; and Ray Lankestor, 
Pflfiger'B Arch,^ yoI. iv. p. 815 : 1871. These statements with regard to the 
occurrence of hemoglobin in muscle have been repeatedly doubted, but, as it 
appears to me, without adequate grounds. Vide St. Zaieski, CefUndb. /. d. med 
FiMefiMA., Nos. 5, 6 : 1887. The earlier authors are here mentioned. 

t Compare above, p. 345, note {. 

X Vide P. Spiro. ZeiUchr, /. phyHol. Chem., vol. i. p. Ill : 1877; Max toq 
Frey, Bu Bois' Arch., p. M7: 1885; Gaglio, ibid., p. 400 : 1886; Wissokowitsch, 
ibid., Buppl., p. 91 : 1877; and M. Berlinerblau, AreK /. exper. Path, u, PAorm., 
Tol. zxiii. p. 888 : 1887. 
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allow this process of decomposition to serve as a sotirce 
of muscular energy. At any rate^ we do not know how much 
of the carbohydrate in muscle undergoes this decomposition. 
We do not even know whether the lactic acid occurring in 
muscle is formed from the carbohydrates.* It is possible 
that during work there is not more lactic acid formed in the 
muscle than during rest, but that more is transmitted to 
the blood. Astaschewsky found less lactic acid in the 
tetanized than in the quiescent muscle.f The heat-equiva- 
lent of lactic acid has never been determined, so that we 
are unable to state how much kinetic energy is liberated 
during lactic fermentation. VStt 

Let us endeavour to represent to ourselves the am^Int 
of kinetic energy which may proceed from the decomposition 
of carbohydrates, by picturing to ourselves two processes in 
which the amount of kinetic energy liberated has been 
exactly determined : alcoholic fermentation and butyric acid 
fermentation. The amount of heat liberated during the latter 
process^ is larger than in the former, and we may assert that 
no greater amount of heat can be liberated in any of the 
various processes which sugar undergoes in decomposition. 
For of the three products resulting from butyric fermentation 
(butyric acid, carbonic acid, and hydrogen), only butyric 
acid can be further broken up, and but little heat can be 
liberated in this process. The breaking up of butyric acid 
into propane and carbonic acid is entirely analogous to 
the splitting up of acetic acid into methane and carbonic 
acid — a process in which we are equally unable to show a 
development of heat. Taking the numbers quoted at pp. 69-70 

* In fayoar of the Tiew that laotio aoid ariaes from the oarbofajdratee, 
Berlinerblau (foe. ait.) points oat that when blood to which glucose or glycogen haB 
been added, is artificially passed through the muscles, more lactic acid is formed 
than without them. Considerable quantities of lactic acid are formed in the 
dying muscle, but whenoe it arises is entirely unknown. Boehm has shown that 
it is not formed firom glycogen (Pfliiger's Arch,, vol. zxiii. p. 4i : 1880). 

t Astaschewsky, Zeitadhr,/, phytioL Chem,^ toI. iy. p. 397 : 1880. 
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as a foimdation, I have calculated the combustion-heat of 
sugar and of its products of decomposition as follows : — 

CSftIori«8. or Kgniifl. 

metrto mnacaUr 
heat-anits. work. 
1000 gnns. of grape-sugar, on complete oomboBtion to 

CO, and H4O, yield 89S9s: 1,674,000 

1000 gnns. of grape-engar, when Bplit np into aloohol 

and COy yield 872= 158,100 

1000 grms. of grape-sugar, when split np into butyric 

add, CO), and H 414= 176,000 

The amount of work done by Wislicenns in ascending 

the Faulhom in six hours amounted to . . 148,656 

The amount of work done by heart and zespiration 

during the same ascent amounted to •• • , 80,000 

^^Mordinglj, we see that, had the work done during the 
JjKmoi the Faulhom been carried out by the decomposition 
of carbohydrates, more than 1000 grms. of carbohydrates 
would have been required in six hours ! This is out of the 
question. On the other hand, 100 grms. of sugar, if com- 
pletely broken up and oxidized, would have sufficed to execute 
the work. This amount of carbohydrate is always stored up 
in our muscles, besides an equal quantity in the liver. 

I think that my calculation proves that to perform their 
work our muscles not only utilize the kinetic energy liberated 
by the decomposition of the food, but that oxygen also 
penetrates the protoplasm of muscular fibre, and its affinity 
to the products of decomposition serves as a source of energy. 

Here we may again refer to the question of the value of 
alcohol as a food. Even if we grant that alcohol is turned 
to account in the body as a source of energy, yet this store 
of energy is far smaller than that contained in the carbo- 
hydrate from which the alcohol was prepared. In the 
fermentation of a kilogramme of sugar, tts we have just seen, 
an amount of energy is wasted which would serve to carry a 
heavy man to the top of the Faulhom. We must remember, 
too, that certain cells of our body can probably only avail 
themselves of the energy set free in the breaking down of 
food-stuffs, since no free oxygen ever reaches them (compare 



400 LECTURE XIX. 

p. 277). We thus see how foolish it is for men to give the 
nourishing carbohydrates of the grape-juice and grain to be 
devoured by the yeast-fungus^ while they themselves feast on 
the excreta of the fungus. Fruit, berries, and milk, too, are 
deprived of all their value in this way. No carbohydrate is 
safe from the insatiable spirit-monger, careless whether he 
murders thousands, so long as he only fills his pockets. And 
nothing is too foolish to find support in the authority of 
physicians. 

Are we really to believe that the civilized man and the 
yeast-plant are symbionta, and that the former must find his 
nourishment in the excreta of the latter ? 
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LECTURE XX, 

FOBMATION OF FAT IN THE ANIMAL BODT. 

The qnestion regarding the origin of fat in the tissues of the 
animal body, a most important part of metabolism, remains 
for our consideration. Our yiews on this subject have been 
subject to constant fluctuations and controversies during the 
last few decennia; but we have arrived at the conviction, 
after many and careful experiments, that the fat in the 
tissues may be formed from all of the three chief classes of 
organic foods, viz. from th e fats , the protejd s. and the carbo- 
hvdrates. 

From the comprehensive literature on the formation of 
fat,* I shall select those works which constitute the firmest 
basis of our present knowledge of this subject. 

It was long doubted whether the fat of the tissues was 
derived from the fat of the food ; chiefly on the grounds that 
fat, being absolutely insoluble in water, could not as such 
penetrate the intestinal wall, and that it would previously 
have to be converted in the bowel into a soluble soap and 
soluble glycerin. The view that glycerin and fatty acids 
might again unite in the tissues on the other side of the 
intestinal wall was opposed by the belief that no syntheses 
could occur in the animal body. We have seen that both 
these prejudices have now been overcome; we know that 

* Yoit sapplies an interefiting itiryey of the older Uteratnre on Uub Bnbject, 
« Ueber die Fettbildung im Thierkorper, Zeittohr.f, Biolog,, vol. y. p. 79 : 1869. 
Compare also *' Ueber die Entwickelung der Lehre von der QaeUe der Maskel- 
kraft and einiger Theile der Emahrong seit 25 Jahren," ibid:, vol. vi. p. 371 : 
1870. 

2 D 
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all kinds of syntlietio processes occur in the animal body, 
and that neutral fat does pass through the intestinal wall. 
Now, if fat globules permeate the tissues of the intestine, 
why may they not pass through the walls of the capillaries 
and through all the organs of our body ? A priori, there- 
fore, there is nothing opposed to the view that the fat of 
our tissues is derived from the fat of our food. Franz 
Hofmann * was the first to give experimental proof that this 
is the case. 

Hofmann deprived a dog of all fat by starving him for 
thirty days. We are able to determine the exact period when 
all the fat that is stored in the tissues is consumed. We 
have already seen that a starving animal at first lives mainly 
upon its store of glycogen, and subsequently upon its fat. 
It uses the greatest economy with regard to its proteid. 
That very little of the latter is decomposed is shown by 
the minute excretion of nitrogen, which at first falls, and 
then remains almost permanently the same. It is only after 
a longer period, which may vary from the fourth to the fifth 
week according to the original amount of fat, that a sudden 
rapid increase takes place in the excretion of nitrogen. This 
is the period at which the store of fat is used up, and when 
the animal commences to depend exclusively upon its store 
of proteid. The animal will now speedily perish. If the 
animal is killed at the time when the sudden increase of the 
nitrogenous excretion occurs, all the organs and tissues are 
found to be deprived of fat. If it is killed earlier, a certain 
amount of fat is still found.t 

Armed with this knowledge, Hoffmann was able to de- 
termine when his starving dog was free from all fat. He 
now fed him on a diet containing a great deal of fat and 



* Franz Hofmann, Zeitsehr,/, Biolog., vol. viii..p. 153 : 1872, 

t When the fasting animal, at the conunencement of the experiment, ia 

unnsaally fat, it may happen that it dies from failure of its proteids, evea 

before the supply of fat is oonsumed. 
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but little proteidy viz. bacon and a small quantity of meat. 
The amount of proteid and fat in the food had been ac- 
curately estimated. After five days the animal was killed, 
and the amount of fat and proteid remaining in the in- 
testine, as well as the fat in the whole body, was measured. 
It was found that during the five days the dog had absorbed 
1854 grms. of fat and 254 grms. of proteid, and had deposited 
1853 grms. of fat in its body. This large amount of fat 
could not have arisen from the proteid. It follows, there- 
fore, that the fat of the food had been deposited in the 
tissues. 

Fettenkofer and Yoit* obtained the same result by a 
different method. They fed dogs with fat and a little meat, 
and by the use of the respiratory apparatus they measured 
the total income and output. Their experiments showed 
that all the nitrogen consumed was re-excreted, but not all the 
carbon. A very large proportion of the carbon was retained. 
It was to be inferred that a non-nitrogenous compound had 
been stored in the tissues, and this could be nothing but fat, 
because there is no other non-nitrogenous compound which 
is met with in the tissues in such large quantities. The fat 
deposited in the tissues could not be due to the decomposed 
albumen, as its amount was proportionately too large. It was 
possible to calculate with precision how much proteid had 
been decomposed, by the quantity of nitrogen excreted. The 
maximum amount of fat formed from the decomposed albu- 
men could be calculated on the assumption that the nitrogen 
had been separated from the proteid molecule as urea. The 
amount of fat resulting from this calculation was much less 
than that actually found in the body; it was therefore 
evident that this must be derived from the food. 

We must now inquire whether it is only that portion of 
the fat of food which is absorbed unaltered as a neutral 
glyceride that can be stored up in the tissues, or whether that 

• Fettenkofer and Voit, ZeiUt^r.f, BkHog.^ yoI. ix. p. 1 : 1873; 
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part which is split up in the intestine (oompare pp. 192-194) 
can also be regenerated and assimilated. 

Munk * has recently performed the most careful investi- 
gations to determine this question. He showed, in the first 
instance, that free fatty acids are absorbed from the in- 
testine in large quantities as neutral fats. If &ee fatty acids 
are shaken up with a dilute solution of alkaline salts, a small 
portion of the fatty acids is saponified, the remainder is 
emulsified; the same takes place in the intestine. Dogs, 
after the consumption of a large quantity of free fatty acids, 
exhibited only a very small portion in their faeces, but their 
chyle-ducts were full of a white emulsion. 

The same inquirer also proved that free fatty acids 
exercise the same economizing effect upon proteids as neutral 
fats. A carnivorous animal, in order to maintain its body- 
weight, requires nearly one-twentieth of this weight daily of 
lean meat.f A dog weighing 25 kgrms. consequently requires 
1200 grms. of meat. If we give him less, he excretes more 
nitrogen than he consumes, and he feeds upon the proteids 
of his tissues. But if we add fat to the meat of his food, 
the dog, although consuming less meat, maintains his nitro- 
genous equilibrium.} Munk established the nitrogenous 
equilibrium in a dog weighing 25 kgrms., with 800 grms. of 
meat and 70 grms. of fat, and then showed that this equi- 
librium remained the same if, instead of the 70 grms. of fat, 
he gave the dog, with the same amount of meat, the free 
fatty acids obtained from the 70 grms. of fat. In a second 
experiment, the nitrogenous equilibrium was produced in a 
dog weighing 81 kgrms., with 600 grms. of meat and 100 



* Lnmanuel Munk, Dn Bois* Ar<^ f. Physiol,, p. 371 : 1879; and p. 273 : 
1883; Viichow'fl Arch., vol. Ixxx. p. 10: 1880; and voL xov. p. 407: 1884, 
The earlier literature is here quoted. 

t Bidder and Schmidt, " Die YerdauungsBafte und der Stoffweohsel," p. 333 : 
Mitau and Leipzig, 1852; Pettenkofer and Voit» Ann, d, Chem, «. Pharm*^ 
Suppl. ii. p. 361 : 1862. 

X Muak, Yirohow's Arch., yd. Ixzz. p^ 17 : 1880. 
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grms. of fat, and this was maintained when subsequently the 
free fatty acids of 100 grms. of fat were giyen him with 
the same amount of meat for three weeks. 

The important fact has further been determined by 
Munk * that, after feeding with free fatty acids, only a very 
small quantity of them and of saponified matter, but much 
neutral fat, was contained in the chyle. He fed dogs with 
meat and fatty acids, and introduced a cannula into the 
thoracic duct ; a few hours later, he determined the amount 
of chyle flowing out, and the quantity of neutral fat, fatty 
acids, and saponified matter contained in it. He found 
that, in the same time, from ten to twenty times more 
neutral fat passes through the thoracic duct than during 
the digestion of pure proteids, while the amount of soaps 
remains unaltered. The proportion of the free fatty acids 
generally reached only to from one-twentieth to one-tenth, 
in one case less than one-thirtieth, of the neutral fats. It 
follows that a synthesis of fatty acids with glycerin takes 
place during the passage from the intestinal surface to the 
thoracic duct.f We have no precise information as to the 
locality where this synthesis is effected. It may be in the 
epithelial cells, in the adenoid tissue of the intestine, or in 
the lymphatic glands of the mesentery. A preliminary com- 
munication made by Ewald t shows that this synthesis also 
occurs in the intestinal mucous membrane after it has been 
excised. 

We do not know the source from which the glycerin 
arises that is necessary for this synthetic process. At all 
events, Hunk's experiment proves that the glycerin in the 

* Mnnk, toe, eit^ p. 28, et teq, 

t O. Minkowski (Areh. /. exper. Path, u, Fharm^ yoL xxi. p. 873 : 1886) 
arrived at the same result. He had the opportunity of experimenting on a 
patient suffering from extreme ascites, the result of a rupture of a chyle-yessel. 
A laige quantity of ehyle was obtained by puncture. After administering to this 
patient tne erucic acid, the neutral glyoeride of this acid WM detected in the 
chyle. 

t 0. A, Ewald, Du Bois' Areh.^ p. 302 : 1888. 
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fat of our body need not always be derived from the fat of 
oar food; it may possibly result from the breaking up of 
the proteids and carbohydrates. 

We must confess that the fate of the glycerin in our 
body is entirely unknown to us, and at present we are unable 
to say what becomes of the glycerin which is separated in 
the intestine from the fat. If a large quantity of glycerin 
is introduced into the stomach of a man or a dog, diarrhoea 
occurs, and of the glycerin that is absorbed a portion passes 
unaltered into the urine.* Smaller quantities do not produce 
such consequences ; in the dog, the proportion ought not to 
exceed 1*6 grm. to 1 kgrm. of weight. It does not, how- 
ever, appear that they are of the least use to the body. At 
least, Munk was unable to find that glycerin produced any 
economy in the consumption of proteid, whereas the same 
quantities of carbohydrates or fats are followed by a distinct 
reduction in the excretion of nitrogen. Munk therefore denies 
that glycerin has any value as a nutritive agent — a con- 
clusion with which I am unable to agree. For the free gly- 
cerin, artificially introduced, does not necessarily reach those 
tissues in which the glycerin that enters organs with the 
neutral fats, may be utilized for the performance of normal 
functions. Munk bases his views upon the experiments in 
which the fatty acids by themselves were shown to exercise 
the same economizing effect upon the proteid metabolism as 
the corresponding amount of neutral glycerides. But in this 
case the quantity of glycerin was too small. We must not 
forget that fat only contains one-tenth of its weight in gly- 
cerin ; we could not, therefore, expect distinct evidence that 
glycerin has an economizing effect upon the proteid meta- 
bolism. We cannot but regard glycerin a priori as a 

* B. Lnohsinger, <*ExperimeiiteUe imd kritiaohe Beitr&ge znr Phyriologie 
und Pathologie dee GljoogoDB," Inaug. DlMert, p. 38, At aeg. : ZmiiQii, 1875 ; 
Mank, Yiiohow's Areh,, vol. Izxx. p. 39, et $eq, : 1880; AxDSohizik, ZeUm^. f. 
Biology ToL zxiiL p. 118 : 1887. 
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yalnable article of nntrition, because its heat of combustion 
is higher than that of all varieties of sugar (compare p. 70). 

Finally, Munk has given definite proof that the fat 
synthetically formed is also stored up in the tissues of the 
body.* A dog weighing 16 kgrms. was rendered almost 
devoid of fat by starvation for nineteen days^ during which 
time he lost 82 per cent, of his original weight. In the 
course of the next fourteen days, the dog consumed 8200 
grms. of meat, and 2850 grms. of fatty acids prepared from 
mutton fat. With this diet, its weight rose again by 17 
per cent. The animal was now killed, and showed an 
enormously developed panniculus adiposus; there was a 
copious deposit of fat in the intestines, and a well-marked 
fatty liver. The deposit of fat removed by scalpel and 
scissors yielded nearly 1100 grms. of fat that was solid at the 
temperature of the room, and only melted at a temperature 
of 40° C. while normal dog's fat is semi-fluid at 20"'. It 
follows that the fatty acids which had been introduced were 
deposited after combining with glycerine that had formed in 
the body. If the deposit of fat be attributed to an econo- 
mizing influence, exercised by the fatty acids introduced, 
and all the fat deposited be regarded as entirely originating 
from the proteid, it is not intelligible why |nutton fat was 
deposited instead of normal dog's fat. 

In a second experiment,! Munk fed a do^, which had been 
deprived of fat by starvation, with colza/oil. In this case 
four-fifths of the fat deposited in the organs were liquid at 
the temperature of the room; when warmed to 28°, the 
whole of it melted ; and at 14° a granular crystalline sediment 
formed. This fat contained 82'4 per cent, of oleic acid, and 
12'5 per cent, of fixed acids ; whereas normal dog's fat only 
yields on an average 65*8 per cent, of oleic and 28*8 per cent. 
of fixed acids. In addition to this, erucio acid (GaiH420^), 

• J Munk, Da Bois' Aroh.. p. 278 : 1883. 

t J. Monk, Yirohow's Areh^ rot XOT. p. 407: 1884. 
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which is an ingredient of colza oil, but absent from animal 
fat, was proved to be present. 

Previous to Munk, two similar experiments had been 
carried out by Lebedeff * with the same result in two dogs, 
one of which had been fed with linseed oil^ the other with 
mutton fat. The fat in the tissues of the former did not 
congeal at 0% the fat of the latter had a melting-point at 
above 60°. 

All these experiments prove indubitably that the fat of 
food is absorbed and deposited unchanged. 

We will now consider the second point as to whether fat 
is formed from pboteid in the animal body. As fat takes 
the place of proteid in the cells and fibres^ in cases of fatty 
degeneration, we should suppose that fat necessarily proceeds 
from this source. But this fact cannot be interpreted as 
absolute proof of the origin of fat from proteid. We must 
not forget that in the living body there is a constant nutritive 
interchange going on directly or indirectly between all the 
tissue-elements. It is possible that in cases of fatty degene- 
ration the proteids or their decomposition-products may pass 
away from the degenerating tissues, and be replaced by the 
fat or its components from other tissues. 

An exact quantitative examination of the total meta- 
bolism during a process of fatty metamorphosis, such as 
occurs in phosphorus-poisoning, in which all parts of the 
body are rapidly involved, would show whether fat arose from 
proteid or not. The most careful investigation o£ this pro- 
cess was carried out in Voit's laboratory at Munich, by J. 
Bauer.f He estimated the output of nitrogen and carbonic 
acid and the income of oxygen in fasting dogs. He then 
poisoned them with phosphorus, which was either given 
them by mouth in small doses spread over several days, 

* A. Lebedeff (Sa2kow8ki*s laboratory in Berlin), Med. CMraOb., Ko. 8 : 
1882. 

t Jos. Bauer, ZeUu^r, /. Biciog,, toL vii j^ 68 : 1871 ; and t<^ xiv. p, 527 : 

1878. 
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or subcutaneously injected, dissolved in oil. The con- 
sequence was that double the amount of nitrogen was 
eliminated,* and that the amount of carbonic acid excreted 
and of oxygen absorbed, dropped to one-half. The nitrogen 
from a large amount of proteid, therefore, was split ofif with 
a small quantity of carbon by the action of the phosphorus ; 
a remnant free from nitrogen remained unconsumed in the 
body. If the animals died a few days after the administration 
of phosphorus, a post-mortem examination showed all the 
organs to be in a state of fatty degeneration. In one case, 
the dried muscles contained 42'4 per cent., the dried liver 
80 per cent, of fat, whereas only 16*7 per cent, was found in 
normal dried dog's muscle, and only 10*4 per cent, in normal 
dried liver. Fat was therefore formed from proteid in 
phosphorus-poisoning. It cannot be objected that the fat 
had passed in from the fatty connective tissue in the muscles 
and in the liver, because the dog had been starved for twelve 
days before the commencement of the poisoning, and died on 
the twentieth day of starvation. But experience has shown 
that in dogs all fat visible to the naked eye disappears 
from the subcutaneous cellular tissue and the mesentery 
after twelve days of starvation. 

Arsenic and antimony, which are chemically so closely 
related to phosphorus, seem to operate in a similar manner. 
They need not, however, be administered as free elements, as 
they also when in the oxidized condition, cause increased 
elimination of nitrogen and fatty degeneration of the organs.f 
We are at present unable even to suggest an explanation of 
this action. 

* The inoieaae in the elimination of nitrogen after phoaphoros-poifloning was 
shown before Bauer by O. Storch, *' Den acute Phosphorforgiftning/' etc., Dissert. : 
Sjobenhavn, 1865. Paul Cazeneuye has recently confirmed Storch's and Bauer's 
results in the JRevue memu^U de mSiee, et de ehirurg., toL iy. pp. 265, 444 : 1880. 

t Gahtgens, Centratb, /. d. nud. Wiaaentch., p. 529: 1875; Kossel, Aroh. /. 
taper. Path, u, PAarm., yol. y. p. 128: 1876; G&htgens, ibid., yol. y. p. 833: 
1876 ; and Centralb. /. d. med, Wimnaeh,, p. 321 : 1876 ; and SaUcowsky, Virchow's 
Arch^ yol. xxxiy. p. 73 : 1865. 
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The experiments with phosphoms-poisoning only prove 
the origin of fat from proteid under these definite abnormal 
conditions. The question is whether this conversion likewise 
takes place under normal circumstances. ' 

The following simple experiment made by Franz Hofmann* 
on fly-maggots, undoubtedly proves that fat does arise from 
proteid under normal conditions. It is an easy matter to 
collect, free from impurity, the eggs of the Musdda vomitoria, 
which are laid in heaps on a corpse in the summer-time. 
Part of the eggs so obtained was employed by Hofmann to 
estimate the amount of fat; the other part was allowed to 
develop on blood. The fat in the blood was also determined. 
After the maggots were full-grown, the fat in them was like- 
wise ascertained. It was found that there was ten times as 
much fat in the full-grown maggots as in the eggs and blood 
together. For instance, in one experiment, 0*02 grm. of 
eggs containing 0"001 grm. of fat developed in 62 grms. of 
blood, which had 0-017 grm. of fat, the full-grown maggots 
containing 0*201 grm. of fat. This can only have been 
formed from the proteid of the blood ; it cannot be referred 
to the sugar of the blood, for 60 grms. of blood seldom 
contain more than 0*07 grm. of sugar, and even this far too 
small a quantity must have decomposed very rapidly; be- 
sides, the maggots had not consumed nearly all the blood. 

From the following experiments on dogs, Fettenkofer and 
Yoit t came to the conclusion that fat may be formed from 
albumen, in mammals, with a normal dietary. They fed them 
on large quantities of lean meat, and with the help of the respi- 
ratory apparatus they determined the total income and output. 
It was found that all the nitrogen, but not all the carbon, of 
the meat reappeared in the excretions. In one experiment, { 

* Franz Hofmann, Zeiitchr,/. Biolog., vol. TiiL p. 159: 1872. 
t Fettenkofer and Voit, Liebig's Annal, Suppl. u. p. S61: 1862; Zeittehr. 
/, Bujilog., voL n, p. 377 : 1870; and voL vii. p. 433 : 1871. 
t Ibid., vol. Yii p. 487 : 1871. 
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for instance, in which a dog of 84 kgrms. weight ate 2800 
grms. of meat, the whole of the nitrogen was eliminated, 
against only 271 grms. of the carbon, of which 813 grms. 
had been taken; 42 grms. were therefore missing. These 
remained behind in the body as a non-nitrogenous compomid, 
and moreover, as Pettenkofer and Voit concluded, in the form 
of fat. It may be objected that this compound may have 
been glycogen just as well as fat. The amount of glycogen 
stored in the body of camivora is by no means inconsider- 
able, and varies widely. Bohm and Eofmann* found it 
amounted from 1*5 to 8*5 grms. per kilogramme of a cat's 
weight. The 42 grms. of carbon correspond to about 100 
grms. of carbohydrates. If, therefore, we assume that the 
former are stored in this form, there must be an increase of 
glycogen amounting to 8 grms. per kilogramme of the body- 
weight, which does not appear impossible. But we ought 
not to forget that this increase of glycogen must take place 
in one day ; the animal had had the same food on the 
previous day, therefore so great a change in the amount of 
glycogen was not very probable. But the experiments must 
be continued over a longer time before this point can be 
defiboitely settled. It might, however, be decided in another 
way, ue. if it were possible to make an exact comparison of 
the income and output of oxygen. The difference in the 
amount of oxygen in fat and glycogen is very considerable. It 
must therefore be possible to determine the form in which 
carbon is stored up from the quantity of the oxygen remain- 
ing in the body. But at present we have no method of 
directly estimating the amount of oxygen in food, and even 
the inspired oxygen is calculated, according to Pettenkofer's 
method, from the difference. 

One more objection may be raised to the experiment made 
by Pettenkofer and Voit, i.e. that the meat was not quite free 
from fat and carbohydrates. The formation of fat from 

• Bohm and Hofmann, Arck,f. expet. Paih. u. PharnL, toL yiU. p. 290 : 1878. 
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albnmen in the organism of the mammal, under normal con- 
ditions, has therefore not yet been decisively proved.* But it 
is, however, highly probable, because it is certainly the case 
with the lower animals under normal circumstances, and 
with mammals under pathological conditions. Moreover, 
it may be adduced in favour of the normal formation of 
fat from proteid, that, as we have already seen (p. 886), gly- 
cogen owes its origin to proteid, and fat to glycogen, and 
in fact to any carbohydrates, as will be shown directly. 
No chemical explanation of the formation of fat from proteid 
can at present be offered. However, the process must not 
be regarded as of so simple a nature, that the fat is 
immediately split off from the gigantic proteid-molecule as 
a preformed radical. Profound decompositions, metamor- 
phoses, and consequent syntheses are going on, of which we 
cannot at present even form a conception. 

We now come to the third and last point, as to whether 
the CABBOHYDBA.TES are converted into fat in the animal body. 
From the numerous experiments made on this subject, we 
will select the following, as being perfectly reliable in their 
results. 

N. Tschervinsky t made his experiments with young pigs. 
In one he used two of ten weeks old &om the same Utter, 
No. 1 weighing 7800 grms., and No. 2 7290 grms. It 
would, therefore, be supposed that each had about the same 
proportion of fat and albumen as the other. No. 1 was 
killed, and all the fat in the body was estimated, as well as 
the nitrogen, from which the maximum of proteids was 

* The remaining experiments quoted in fayom of the view that fat is 
formed from proteid, are also rather doubtftil. Compare Subbotin, Virchow's 
Aroh.j vol. zzxvi. p. 561 : 1866; and Kemmerich, Oentralb,/. d. fned» TFuMiMofc., 
p. 466 : 1866 ; and p. 127 : 1867. 

t K. Tschervinsky, Landw. Venuchsstationen, vol. zxix. p. 817: 1883. 
Experiments of a similar oharaoter by other authors led to the same results 
(F. Soxhlet, Zeitechr, d. landunrthttihaftliehen VerHns in Bayem, August-Heft, 
1881; B. Bchulze, Landto, Jahrb,y 1, 57: 1882; St. Ghaniewski, ZeUsehr, f. 
Biohg., vol XX. p. 179 : 1884). 
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detennined. No. 2 was then fed on baxley for four months. 
The barley was analyzed, and an account was kept of the 
barley consumed. The amount of undigested fat and proteid 
was also estimated by analysis of the excretions ; and in this 
way, the quantity of these two substances absorbed by the 
animal in the four months was ascertained. The animal, 
whose weight had increased to 24 kgrms., was now killed, 
and the proportion of proteid and fat in the whole body 
determined. 

No. 2joontai]ied .• .. 2*52 kgrnoB. proteid, and 9-25 kgnns. fat. 
No. 1 - . . . . 0-96 „ „ „ 069 „ „ 



There were added, therefore 1*56 „ n n ^'56 

Taken up with the food .. 7*49 „ „ „ 0*66 






Difference — 5-93 + 7-9 

Thus 7*9 kgrms. of fat had been added in the body — an 
amount which could not have originated from the fat of the 
food; of this only the smallest portion could have arisen 
from the 5*98 of the proteid that was derived from the food, 
and was not deposited in the form of proteid. At least 
5 kgrms. of fat must therefore owe its origin to the carbo- 
hydrates of the diet. This is so large a proportion as to 
refute all doubts, and particularly the objection, that the 
identity in the amount of fat and albumen in both animals, 
upon which the whole experiment rests, is an arbitrary 
assumption. 

A different method was adopted by Meissl and Strohmer.* 
They fed a one-year-old pig, weighing 140 kgrms., that was 
inclined to corpulency, for seven days upon rice, which is 
poor in fat and proteids and rich in carbohydrates. Two 
kgrms. were administered to the animal every day. The 
rice had been analyzed; the urine and fseces were collected 
and also analyzed. On the third and sixth days of the 
experiment, the animal was placed in Fettenkofer's respira- 

* E. Meissl and F. Strohmer, SittungAer. d, h. Akad, d, Wisteiwih. in Wien^ 
tqL Ixxixyiii, Ahth. UL, JnU-Heft, 1888. 
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tory apparatus, Ib order to determine the excretion of carbon. 
The result was that 289 grms. of the carbon daily consumed, 
and 6 grms. of the nitrogen, were retained in the body: 
88 grms. of albumen with 20 grms. of carbon correspond 
to the 6 grms. of nitrogen. It follows that 269 grms. of 
carbon must have been daily retained in the body as fat. 
It is impossible that so large a quantity of carbon could every 
day have been stored up as glycogen. How, then, was this 
quantity of fat formed ? Of the daily food, 5*8 grms. of fat 
and 104 grms. of albumen had been digested ; of the latter, 
88 grms. had been deposited. The remaining 66 grms. of 
proteid and the 5*8 grms. of fat cannot have yielded the 269 
grms. of carbon necessary for the deposit of fat, which must 
therefore be derived from the carbohydrates. 

It has often been asserted that the formation of fat from 
carbohydrates only takes place in herbivora and omnivora, 
and not in oamivora. I therefore briefly mention the following 
experiment, which Rubner,* with the help of a respiratory 
apparatus, made on a dog. The animal, after fasting two 
days, was fed on cane-sugar and starch. A large quantity of 
carbon was retained — ^much too large, in fact, to be accounted 
for by the deposit of glycogen ; it follows that fat had been 
formed from carbohydrates. 

The formation of fat from carbohydrates offers a complete 
enigma to the chemist, and, more than anything else, proves 
that the synthetic processes occurring in the animal cell are 
as complicated as those in the vegetable cell. 

Many attempts have been made to utilize our knowledge 
with regard to the formation of fat, in order to determine the 
causes of corpulency in man, and the means of counteracting 
and preventing it. The error has been committed of 
attributing the cause of obesity to too ample a diet, or even 
to an unsuitable combination of food, such as a diet with an 
excessive proportion of carbohydrates or of fat. 

* Max Rubner, Zeitachr./. Bidog.^ vol xxiL p. 272: 1886. 
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It is both right and natural for a man to eat whatever 

he likes and as much as he likes, and, if he otherwise leads 

a healthy life, this system does not conduce to corpulency. 

Why should we accuse a normal function of being the cause 

of a pathological process ? Obesity is in all cases due to 

insufficient employment of the muscles. A person taking 

bodily exercise does not become fat, whatever form of diet he 

adopts. I quite admit that the tendency to corpulency may 

vary considerably in different people; but this only shows 

that the organs which constitute half the weight of the body 

may not be suffered to become atrophied with impunity in 

every case. There is no such thing as a disposition to 

stoutness which may not be overcome by muscular work. 

Show me a single fat field-labourer ! It cannot be said that 

all these people are badly fed; many of them are as well 

nourished as it is possible to be, and their diet is certainly 

never poor in carbohydrates, nor often in fatty matter. 

It is well known that the deposit of fat is encouraged by 
the use of alcohol, for which we are at present unable to 
give a satisfactory explanation. It readily suggests itself 
that alcohol, as a very combustible substance, exercises an 
economizing effect upon organic articles of diet, which are 
all capable of being converted into fat. But it is possible 
that alcohol promotes the formation of fat, in the same way 
as we have seen with other poisons, such as phosphorus, 
arsenic, and antimony {vide supra, pp. 142-143, and pp. 
408-409). In a great measure, the influence of alcohol on 
fat-formation may be attributed to the paralyzing influence it 
exerts upon the human brain, causing indolence and indis- 
position to bodily exertion. The therapeutics of corpulency 
are, therefore, very simple: the patient must be prohibited 
the use of all alcoholic beverages, and he must be required 
to take exercise. In many cases, to forbid alcohol is all that 
is required. With regard to the latter point, it is necessary 
to be cautious, and not to insist upon sudden and violent 
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muBcnlar work, if the heart already shows signs of weakness 
and fatty degeneration. Corpulency should not be met by 
a so-called short cure, such as mountaineering during a few 
weeks in the year. The cure should last as long as life, and 
should merely consist in putting the muscles to their natural 
use. That, however, is the very thing the wealthy patient 
will not do, any more than he will renounce his alcohol. 
Physicians, therefore, have devised the most extraordinary 
methods for reducing fat, by which possibly some thousands 
have been cured to death. The absurdity of all these cures 
consists in trying to substitute one abnormality for another. 
The physician endeavours to compensate for insufficient 
muscular work by insufficient nourishment, or by a badly 
composed diet, or even by causing an imperfect digestion of 
the food (through administering saline purgatives) ; in other 
cases, he permits the continued use of alcohol while with- 
drawing the carbohydrates and fats. 

If the first irregularity be entirely and permanently over- 
come, it is unnecessary to interfere in any othef way with the 
natural course of the vital functions. 
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LEOTUEE XXI. 

DIABETES HELUTUB. 

Ik our remarks on metabolism in the liver, and on the source 
of muscular energy, we became acquainted with the destiny 
of carbohydrates in the body, and with the way in which they 
are utilized under normal conditions. We are now, therefore, 
in a position to consider the intricate investigations concern* 
ing the destiny of carbohydrates under pathological conditions, 
and especially the researches into the causes and nature of 
diabetes mellitus. This is a subject which touches on all 
branches of physiological chemistry, and about which a 
complete library of books * has been written, the references 
to which would alone form a good-sized volume. 

These remarks will be confined to the chronic form of 
diabetes. Transient glycosuria t occurs as a consequence, 
and sometimes as an unimportant symptom in a great 
variety of maladies, such as zymotic diseases, digestive dis- 
turbances, neuralgia, haemorrhages, and other affections of 
the brain, cerebro-spinal meningitis, epilepsy, psychical 

* An aooount of the most important works on diabetes mellitas is given hy 
01. Bernard, ''Le^ns sur le diub^te :*' Paris, 1877; Ed. Kitlz, ''Boiti&ge zor 
Pathologie und Therapie des Diabetes melUtus : *' Marburg, 1874 and 1875 ; 
Frerichs, *' Ueber d. Diabetes : " Berlin, 1884. Frerichs has watched no less than 
four hundred cases of diabetes, and has recorded the results of his wide experi- 
ence in a clear, comprehensiTe, and critical work, especially remarkable for itv 
objectivity. We strongly recommend this book to the student. Compare also 
F. W. Pavy, <*0n the Nature and Treatment of Diabetes," 2Dd edit., London ; 
and J. Beegen, ** Der Diabetes mellitus," Aufl. il. : Berlin, 1875 ; and Arnoldo 
Oantani, *< Der Diabetes mellitus,'* Deatach von S. Halm : Berlin, 1880. 

t Frerichs (loe. cit,, pp. 25-61) gives a comprehensive aooount of all forms of 
transient glycosuria. 

2 E 
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excitement, poisoning by various substances,* etc. No satis- 
factory explanation to account for the appearance of glycosuria 
in all these cases has yet been given, and it would lead us 
too far to discuss all the maladies of which glycosuria forms 
a symptom. 

But even if we confined ourselves to that chronic disorder 
which is strictly termed diabetes, a complete account of the 
disease and its numerous and varying symptoms would be 
beyond the scope of the present lecture. It is merely our 
intention to collect the chief results of the experimental 
investigations carried out for the purpose of determining 
the causes and nature of this disease. 

Up to the present, pathological anatomy has led to no 
conclusion. Post-mortem examination of the bodies of 
diabetics proves that there is not a single organ which does 
not occasionally show anatomical changes; on the other 
hand, there is not a single organ that does not frequently 
appear normal. It is likewise impossible, in all cases, to 
decide whether these anatomical changes are the cause or 
the consequence of the chemical changes.f 

We will, therefore, restrict ourselves to the consideration 
of those data which bear upon physiological chemistry. The 
most obvious symptom, the occurrence of sugar in the urine, 
has always formed the basis of these observations. 

As already stated, normal urine contains no sugar, or at 
most a trace. In diabetes, often a very considerable amount 
is found, varying from a few grammes to one kilogramme 
in twenty-four hours* urine. This sugar is invariably dextro- 
rotatory grape-sugar. ;( With many patients who have the 

* Of these stibstances, phloridzin must be pftrticularlf mentioned; its glyoosaric 
action on animals containing no glycogen has been already noticed (p. 386). 

t Frerichs (loc. aiL, pp. 144-183) gi^es a comprehensive and instruotiTe 
tabulated account of the results of fifty-five autopsies. 

X J. Seegen states that he has found lievo-iotatory sugar in the urine of a 
person suffering from " diabetes intermittens *' {Cenirdlb, /. d. med. WiueMch.) , 
No. 43; 1884. 
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disease in a mild form, the sugar disappears from the nrine 
if carbohydrates are excluded from the diet ; with others who 
are more seriously affected, the excretion of sugar continues^ 
even though an exclusive meat diet be adopted. In what 
way can we account for the appearance of this large amount 
of sugar in the urine ? 

Only two suppositions are open to us. Either the kidneys 
have lost their power of preventing the sugar, normally 
present in the blood, from passing into the urine ; or else 
the kidneys have retained their usual function, but the 
amount of sugar in the blood has abnormally increased. 

The latter supposition must be regarded as the correct 
one ; for the former would imply that there is less than tiie 
normal amount of sugar in the blood of diabetic patients, 
whereas the quantity found is, as a matter of fact, always 
above the normal. The blood of man and of the dog normally 
contains from 0*05 to 0*15 per cent, of sugar ; the blood of 
diabetic patients from 0*22 to 0*44 per cent.* If the propor- 
tion of sugar in a dog's blood be artificially increased to 
more than 0'8 per cent., by the injection of a saccharine 
solution, sugar passes into the urine through the kidneys in 
the usual manner. No affection of the kidneys has ever been 
discovered in the first stages of diabetes. 

It is therefore certain that an abnormal increase of sugar 
in the blood is the cause of the appearance of sugar in the 
urine. 

We now come to the question as to the cause of the 
increase of sugar in the blood, and again we have to choose 
between two explanations. There must be either a larger 
quantity of sugar formed, or a smaller amount of sugar 
decomposed. 

The first explanation cannot be accepted, for from wha' 
could the large proportion of sugar be formed? Not from 

* Carl Book iind Frdr. Albtn Hofmann, '* ExperimenteUe Btodien fiber 
Diabetea,'* p. 61 : Borlin, 1874 ; Frerioh^, loe. eit,, p. 269. 



420 LEcrrcjRB xxl 

the other carbohydrates, as this would be a normal process ; 
not from the fats, as diabetic patients can digest and assimi- 
late them in large quantities.* As to the proteids, assuming 
that a diabetic patient consumed 800 grms.t in a day (which 
it would be difficult to do), even this amount of albumen 
would not form more than about 200 grms. of sugar ; for a 
large proportion of the carbon must be given off with the 
nitrogen. But even if 200 grms. of sugar reached the blood 
in the course of each day, it would not cause diabetes, so 
long as the decomposition of sugar remained normal. A 
man, on a diet of potatoes, will form from 600 to 1000 grms. 
of sugar per day from the starch in his food, without any 
sugar passing into the urine. 

We must therefore accept the other explanation, that the 
increase of sugar in the blood of diabetic patients is due to a 
diminution in the amount of sugar decomposed. 

The power of decomposing the sugar is never entirely 
arrested ; it is only more or less impaired. Kiilz I has shown 
that, even in severe cases of diabetes, there is a smaller 
amount of sugar in the urine than would correspond to the 
carbohydrates of the food. 

We will now proceed to inquire how the power of splitting 
up sugar is impaired — a question which, again, appears to 
be capable of but two answers. We are only acquainted with 
two processes by which food is split up in our tissues ; de- 
composition and oxidation. One of these two processes must 
be diminished. 

 Pettenkofer and VoU, Zeitwihr, /. BtcHog,, vol. iii. pp. 406. 408, 416, 428, 
436 : 1876. L. Block (DeuUch. Arch,/, klin, Med., vol. xxv. p. 470 : 1880) found 
that only 9 grms. out of from 120 to 150 grms. of fat reappeared in the faeces of 
diabetic patients. 

t With a diabetic patient, the nrea excreted in twenty-fonr hoars seldom 
amounts to more than 100 grms., which corresponds to 800 grms. of proteid. 
Pettenkofer and Voit (he. cit., p. 424), found from 46 to 86 grms. of urea in a 
severe case of diabetes, the patient being allowed to eat whatever he liked. 

:;: Kiilz, •' Beitr. z. Path. n. Theiap. d Diabetes mellitus." pp. 110-119 • 
Marburg, 1874. 
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No decline in the process of oxidation in diabetes has so 
far been proved from observations and experiments. The 
ultimate products of proteid combustion are normal, and 
the fat appears to be completely oxidized to carbonic acid 
and water. Salts of vegetable acids, and lactates, reappear 
in the urine as carbonates.* Benzol is oxidized to phenol.f 
Certain carbohydrates even (such as IsBvulose, inulini and 
inosit), and mannite, which is so closely related to the 
carbohydrates, are decomposed.]: How is it thai grape- 
sugar alone remains unoxidized ? 

That oxidation is not impeded is farther proved by the 
circumstance that no increase of sugar in the blood, or 
passage of sugar into the urine, § has ever been observed 
either in diseases connected with disturbances of external 
and internal respiration, or in artificial respiratory dis- 
turbances. D 

We must therefore conclude that the grape-sugar cannot 
be oxidized, because its decomposition is impeded ; decompo- 
sition must precede oxidation ; if the former be impaired, the 
latter cannot take place, although neither external nor in- 
ternal respiration is disturbed. 

0. Schultzenir endeavoured to support this view by 

* O. Sdmltzen, Berliner klin. Woehenaehr., No. 35 : 1872 ; Nenoki and Sieber, 
Zeiteehr,/. prdkt. Chem.^yol, zxri. p. 34: 1882. 

t Nenoki and Sieber, loe. eit., p. 86. 

X E. Kaiz, "Beitr. z. Path. n. Therap. d. Diabetes mellitns," pp. 127-175 : 
Marbnrg, 1874. The experiment with manniie does not seem to be oonvinoing, 
becanse borborygmi, flatnlenoe, and diarrhoea oocnned after taking it. It is 
possible that the mannite introdnoed was mostly decomposed by fermentatiTe 
organisms in the alimentary canaL A small amount was fonnd unaltered in 
the nrine. With respect to inosit^ vide also E. Kiilz, BiUungtber, d. (3et. x. 
Beftfrderung d, gee, Naiurw. eu Marburg, No. 4 : 1876. 

f Von Mering, Arch. /. PhyeioL, p. 381 1 1877. 

I Senator, Yirehow's Areh,, vol. xUi. p. 1 : 1868. 

IT O. Sohnltzen, toe. eit. The view that sngar conld only be oxidized sub- 
sequently to decomposition was first suggested by Soberemetjewski in a research 
published from 0. Ludwig's laboratory {Arb. atu d. physiol, Aueialt tu Leipzig, 
p. 145 : Jahrg., 1868 ; Leipug, 1869). Oompare also Nencki and Sieber» loe, eit., 
p. 39. 
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comparing observations on diabetics with those on persons 
suffering from phosphorus-poisoning. As we have already 
seen (p. 269), oxidation is diminished in cases of phosphorus- 
poisoning. Instead of sugar, lactic acid occurs in the urine ; 
and this Schultzen regarded as a normal product of the 
decomposition of grape-sugar. He therefore said that, after 
phosphorus-poisoning, the power of oxidation was lost, but 
not that of decomposition, while the reverse was the case 
in diabetes. Hence, after phosphorus-poisoning, the normal 
product of decomposition appears in the urine, while in 
diabetics, in spite of undisturbed oxidation, the unaltered 
grape-sugar appears in the urine. 

The following experiment of Pettenkofer and Voit * may 
be- interpreted in the same way. By means of their respi- 
ratory apparatus, they showed that a diabetic took in less 
oxygen and excreted less carbonic acid than a healthy person. 

It was not that less sugar was broken up, because the 
income of oxygen was reduced, but that less oxygen was used 
up, because the formation of oxidizablej>roducts of decompo- 
sition was diminished. 

This theory is very inviting,, but objections may be raised 
to it. The fact, already mentioned in our remarks concern- 
ing internal respiration (p. 281), that certain substances, 
after introduction into the body, appear in the urine con- 
jugated with glycuronic acid, is opposed to the view that 
decomposition must precede oxidation. Glycuronic acid is 
undoubtedly a product of oxidation, but not of decomposition ; 
all six atoms of carbon are still united, and yet oxidation has 
begun. Conjugation alone prevents its completion; and as 
soon as the compound is split up, nothing can stop its further 
progress. 

Nencki and Sieber say, '^ We do not doubt that, if the 
diabetic could break up sugar to foam lactic acid, he would 

r« PettBnfcofiBr and Yoit^ ZeiM^. /. BMof^,, toL UL pp. 428, 429, 481, and 
482 : 1867. 
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afterwards be able completely to oxidize the sugar." * But 
lactic acid is evidently sot the normal product of decompo- 
sition of sugar in the body. The sarcolactic acid, which 
is invariably present in the organs, probably arises from 
proteid (pp. 845-846). As nothing is yet known concerning 
the course and sequence of the decomposition and oxidation 
of sugar in the organism under normal conditions, we are 
scarcely in a position to inquire into the abnormal chemical 
processes occurring in diabetes. 

Attention must be particularly called to the occurrence 
in the diabetic urine of substances which are evidently 
products of incomplete oxidation: oxybutyric acid, aceto- 
acetic acid, and aceton.f They probably arise from the 
proteids, for their amount is independent of any addition of 
carbohydrates to the diet, but- increases with increased proteid 
metabolism, t They do not occur in all cases of diabetes, but 
generally in the more severe forms of the disease, in which 
the destructive metabolism of proteid is augmented. 

The oxybutyric acid in diabetic urine is the Isdvo-rotatory 
/3.oxybutyric acid (CEU- CH(OH) -CHa^COOH). The aceto- 
acetic acid (CH«— CO— CHa— COOH), which can be artificially 
produced by oxidation from /3-oxybutyric acid, breaks up 
readily into aceton and carbonic acid : CH3 — CO — CHa — 
COOH= CH3-CO-CH3 + CO2. The aceto-acetic acid and 
the aceton in diabetic urine have probably originated in the 
same way in the organism. 

* Nenoki and Sleber, Joum. /. prakL (Jhmn,, toI. xxn. p. 37 : 1882, 
t Stadelmann, Arch. f. ezper. Path, «. Pharm,, vol. zvii. p. 419: 1888; and 
Zeittehr, /. Biolog.^ vol. zxi. p. 140 : 1885 ; Minkowski, Aroh. /. exper. Path, ««. 
PhaTm,j vol. xviii. pp. 85, 147 : 1884 ; E. Ktilz, ZeiUdkr, /. BiUog,^ toI. xz. 
p< 165 : 1884 ; and yoL zxili. p. 329 : 1886; and Areh. /. €xper. Path, u. Pharm,, 
▼ol. XYiii. p. 291 : 1884 ; Bud. Ton Jaksoh, ** Ueber Acetonurie n. Diaoeturie : " 
Berlin, 1885; H. Wolpe, Areh, f, exper. Path, u, Pharm,, vol. zxi. p. 188 : 1886 ; 
Freriohs, loc ciL, pp. 114-118. 

} Q. Boaenfeld, DeuUeh. med. Woohen$ehr., No. 40: 1855; Wolpe, 2o0. oil,, 
pp. 150, 155. The older Uteratare is here qnoted ; also M. J. Boisbaoh, Corre- 
spondenMUi det aUgtim, SrzUiohen Vereim fUr ThUringen, No. 1887 ; Chem 
CentrM., p. 1437 : 1887. 
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In the last stage of diabetes, when ooma sets in, the 
amount of oxybutyric acid increases, while that of aceton 
diminishes.* This fact also appears to argue in favour of 
an increasing decline in the power of oxidation. 

It must, however, be noted that the occurrence of oxy- 
butyric acid, aceto-acetic acid, and aceton is not confined to 
diabetes, but has been observed in many other maladies.t 
These anomalous products of metabolism may possibly be 
a direct consequence, not of diabetes itself, but of certain 
complications which frequently accompany the disease. 

On the other hand, it must be remembered that wasting 
of the tissues and general cachexia, in short, increased 
destruction of the nitrogenous constituents of the body, 
invariably take place in all the diseases in which acetonuria 
has been observed, such as febrile infectious diseases, car- 
cinoma, mental affections accompanied by inanition, etc. 
The occurrence of aceto-acetic acid has likewise been noticed 
in the urine of healthy persons after prolonged fasting4 
Increased decomposition of proteid now appears to be an 
accompaniment of diabetes also ; at least, it was proved, by 
careful experiment in three severe cases, that the patient 
excreted more nitrogen than a healthy person on exactly 
the same diet. The first investigation of the kind was carried 
out by Gaehtgens § in his clinique at Dorpat, the second by 
Pettenkofer and Yoit, || and the third by Frerichs.lT 

* Wolpe, *' Unters. ii. d. OzybnttenaTue des diabetischen Harnes," Dissert : 
KSnigsberg, 1886 ; Arch, f. exper. Path. u. Pharm^ toI. x%L p. 157 : 1886. 

t B. Ton Jaksch, '*Ueber Aoetonnrie n. Diaoetnrie/' pp. 54-91: Berlin, 
1885; Kulss, Zeitsehr. /. Bidog,, toI. xziii. p. 829: 1886; A. Baginsky, Da 
BoIb' Arch,, p. 849 : 1887. 

t See the inteveeting notice in the report of the InyestigationB carried ont 
on the *< profeerional faster," Getti, in Berlin {Berliner Wocheimhrifi^ toI. xzit. 
p.484t 1887). 

§ Oarl Gaehtgens, '* Ueber den Btoffwechsel eines Diabetikers, Tergliohen mit 
dem eines Gesunders/' Dissert. : Dorpat, 1886. 

Pettenkofer and Yoit, ZeiUchr.f. BioUtg., vol. iii. p. 400, 408, 412-414, 425. 
An aooonnt of the older llteratore will be found here, pp. 425-426. 

% Frerichs, loe, cU., p. 276, et teq. 
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These experiments might be taken to mean that the 
increased decomposition of proteids in diabetes was a con- 
sequence of the inadequate breaking up of the sugar ; that, 
because the chemical potential energy of the sugar was not 
completely utilized, the proteid must assist in furnishing the 
kinetic energy necessary for the performance of the functions 
of the body. This would be analogous to the behaviour of 
normal muscle, which, as we have seen, has recourse to its 
store of proteid as soon as the supply of non-nitrogenous 
food runs short. But this is only a teleological, not a 
physico-chemical explanation, and gives no account of the 
causal connection. We must concedo the possibility that 
the increased dec<»npo8ition of proteid may be the first sign 
of disturbance in the metabolism of the organs, and may 
usher in the wasting of the tissues and all the other troubles. 
It may be also that the occurrence of oxybutyric acid, aceto- 
acetic acid, and aceton in diabetes is not due to the reduced 
supply of oxygen, any more than it is in the case of the 
other diseases mentioned. The tissues may receive their 
normal supply of oxygen, but the products of decomposition 
may have risen above the normal amount; and that part 
of them which reaches the blood in a state of incomplete 
oxidation, cannot be further oxidized there, because, as we 
have already seen (p. 261), no processes of oxidation take 
place in the blood. 

The power possessed by a diabetic, of utilizing IsBvo-rotatory 
sugar, is a remarkable fact, which was observed by Eiilz.* 
He showed thai no sugar appeared in the urine of a patient 
who was but slightly affected with the disease, after eating 
100 grms. of IsBVO-rotatory fruit-sugar, and that the amount 
of sugar which consisted only of dextro-rotatory grape-sugar, 

* Kaiz, Joe. cU., pp. 180-167. Also Worm-M&Iler,Pfl&ger*8i(rdk.,To1. xzxir. 
p. 576: 1884; 8. de Jong, ** Overomzetting van milksniker by diabetes mellitiu,*' 
DisBort.: Amsterdam, 1886; and Fians Hofineister, ArdL txper, Faih, «. 
Pftarm., vol. xxt. p. 240: 1889. 
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was not increased in the nrine of a patient who had a severe 
form of diabetes. 
^ Inulin behayes in the same manner as IsBvulose. It is 
found in the roots of elecampane, chicory, and dandelion, 
and in the tubers of dahlias, where it plays the same part 
as the starch in the potato tubers. Inulin stands in the 
same relation to laevulose as starch does to dextrose: on 
boiling with dilute acids, it is split up with hydration to form 
Ifldvulose, just as starch is changed into dextrose. Inulin 
evidently undergoes this decomposition in the organism as 
well ; like Isevulose, it is consumed in the body of a diabetic. 

It is well known that, on boiling with acids, as well as 
by the action of ferments, cane-sugar is split up into eqoal 
quantities of Icevulose and dextrose. In conformity with this, 
Eiilz observed that, after the administration of cane-sugar 
in the aggravated form of diabetes, the increase in the 
excretion of dextrose was equal to half the amount of the 
cane-sugar eaten. The same thing probably happened with the 
sugar of milk, only the results were not quite as clear, because 
it is largely converted into lactic acid in the intiestine. 

This limitation of the power in diabetics to utilize lievo- 
rotatory sugar only is no isolated phenomenon in animate 
nature. Certain fungi and bacteria act in the same way 
as the cells.* Of the optically inactive lactic acid, which 
contains equal quantities of dextro-rotatory and laevo-rotatory 
lactic acid, the Penciliium glaucum consumes the latter only, 
leaving the former untouched ; in the same way, this fungus 
leaves the dextro-rotatory only in a mixture of both kinds of 
mandelio acid. Saccharomyces eUipsoidevs, on the contrary, 
consumes the dextro-rotatory mandelic acid only, leaving the 

* Pasteur, Oompt, remi, ToL xItI. p. 615: 1858; vol U. p. 2d8 : 1860; 
▼ol. Ivi. p. 416: 1863; J. A. Le Bel, ibid., vol. Ixxzvii. p. 213: 1878; vol. 
Ixxxix. p. 812: 1879; toI. zoii p. 843 : 1881 ; J. Lewkowitsch, Ber. d, deuitch, 
dimu Get., toL zy. p. 1505: 1882; voL zvi. pp. 1569, 2720, 2722: 1883. Also 
Em. Bourquelot, Compt, rend,, vol. o. pp. 1404, 1466 ; vol. oi pp. 68, 958 : 1885 ; 
Haumen^, ibid., vol. o. p. 1505; toI. d. p. 695: 1885; U. Lepluy, vol. ci. 
p. 479 : 1885. 
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Isevo-rotatory ; and this is also the case with a certain variety 
of bacterium. PencUUum glaucvm behaves in the opposite 
way towards tartaric and glyceric acids compared with its 
action on lactic and mandelio acids; it leaves the leavo- 
rotatory, tartaric and glyceric acids, untouched. 

From the above remarks, it appears that so far we have 
only definitely ascertained that the power of utilizing dextro- 
rotatory sugar is diminished in diabetes. 

Now, as the bulk of the sugar is normally decomposed in the 
muscles, it seems probable that diabetes may fundamentally 
be due to a disturbance of the chemical processes in muscla. 

Insufficient use of the muscles, a sedentary mode of life, 
are frequently given as causes of diabetes. This harmonizes 
with the foct that the disease comparatively often (80 per 
cent, of all cases) occurs in stout people. Obesity is invari- 
ably a result of insufficient muscular exertion (see end of 
Lecture XX.)* Moreover, a few cases of diabetes have been 
successfully treated by systematic muscular exercise * (see 
p. 487)- 

But the chemical processes in muscle are subject to the 
influence of the nervous system, and numerous observations 
tend to show that the symptoms in diabetes are caused by 
disturbances which originate in the central nervous system. 
The disease sometimes occurs immediately after and may be 
traced to, injury to the head, or it accompanies organic 
affections of the brain (hemorrhages, tumobrs, sclerosis), or 
other nervous diseases, psychoses, etc. Occasionally violent 
mental excitement or neuralgia has caused an outbreak of 
the malady. In post-mortem examinations of diabetics, the 
brain more frequently shows pathological changes than any 
other organ. 

But it ifl also possible that the carbohydrates, before being 
utilized in the muscle, must undergo a preparatory conversion 
in other organs, where the disturbances that cause diabetes 

* KaljE, bo. oift, Tol. i pp. 179-216 ; and yoL IL pp. 177-180. 



428 LECTURE XXL 

really take place. From this point of view, the pancreas 
snggests itself ; and it is, in fact, remarkable how frequently 
pathological changes have been found in this gland, eleven 
out of fifty-five post-mortem examinations described by 
Frerichs * showing this clearly. It is true that thB degenera- 
tion of the pancreas may, again, be a consequence of the 
diabetic process. But anyhow, this fact is a starting-point 
for fresh inquiries, and it would be interesting to observe 
the results of extirpation of the pancreas. This operation 
has often been attempted, and has recently been successful. 
6. Martinotti,t in Turin, has communicated the fact that 
he has successfully performed it on dogs, cats, and birds. 
But he did not experiment with a view to diabetes. He 
observed that the dogs without pancreas had an ^lormous 
appetite, but he did not test their urine for sugar. 

But von Mering and Minkowski in Strasburg have extir- 
pated the pancreas for the special object of ascertaining its 
relation to diabetes. They observed permanent glycosuria 
after the operation, but no details have yet been published. { 
It still remains doubtful whether the glycosuria was caused 
by the removal of the pancreas, or by the disturbances en- 
suing from the severe operation, especially such as injury to 
the solar plexus, which could hardly be avoided, and which 
would produce reflex disturbances in other regions of the 
nervous system. 

But even if an affection of the pancreas may be the cause 
of chronic glycosuria in some cases, it cannot be so in aU. 
This fact, along with many others, would seem to prove that 
diabetes is not a pathological entity, but rather a group of 
allied diseases. 

• Frerichs, toe, ot'i., pp. 144, 183, 288-248. 

t G. Martinotti, ** Bulla ezstirpatione del 'pancreas," Qiomdle deUa B. Aoca- 
demia di Medieina, No. 7 : 1888. 

X For faU details, see a recent paper by v. Mering and Minkowski in the 
February number of the Ardi^f, exp. Paih, u. Pharm.f 1890. Thej show that 
the effects could not haye been dne to ii^nry of the solar plexus. 
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Much confusion has arisen owing to the endeavour to ex- 
plain the nature of chronic or ** natural " diabetes (as it has 
been called), from the observations carried out on '' artificial " 
diabetes. Gl. Bernard has shown that a puncture in the floor 
of the fourth ventricle, midway between the origins of the 
auditory and pneumogastric nerves, is followed by the passage 
of sugar into the urine. This artificial diabetes is obviously 
quite a different process to the natural disease. It lasts only 
for a few hours ; and if, at the expiration of this time, when 
the urine has again become bee from sugar, the animal be 
killed, no glycogen will be found in the liver. If all glycogen 
be removed &om a dog by starvation, puncture of the " diabetic 
centre " remains without effect.* 

If a solution of grape-sugar be injected into the mesen- 
teric vein of a healthy dog, which has been deprived of gly- 
cogen by starvation, very little sugar appears in the urine. 
But if the liver be freed from glycogen by puncture of the 
floor of the fourth ventricle, and the injection into the 
mesenteric vein be then given, a very large amount of sugar 
is found in the urine.f 

Artificial diabetes, therefore, is due to the inability of the 
liver, in consequence of disturbed innervation, io retain the 
glycogen. The blood becomes flooded with sugar, which 
passes into the urine. 

If natural diabetes were due to the same cause, and if the 
liver had lost its power of regulating the amount of sugar in 
the blood, of storing carbohydrates during absorption, and of 
supplying sugar to the blood, according to the needs of the 
economy, we should expect to find that the amount of sugar 

* Leopold Seelig, << Yergleichende Untersnohimgon fiber den Zuckerrer- 
braach im diabetisohen und iiioht diabetischen Tbiere," Dissert : Konigsbei^, 
1873. The works of Pavy nnd Dock are quoted here. Luchsinger has publish^ 
a oonflrmation of these results : *' Exper. u. krlt. Beitrage zur Physiol, n. Pathol, 
des Glycogens " Dissert., p. 72 : Ziirioh, 1875. 

t Nannyn, Arch. /. exper, PaVi, u. Pharm., vol. iii. p. 98 : 1875. A oritioal 
aooonnt is here given of the earlier works on this point 
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in the blood of diabetics would sometimes be above and 
sometimes below normal. This is not the case; it has 
always been fomid to be increased. 

The objection may be raised that the diabetic patient 
takes food in snch quantities and so often, that absorption is 
never interrupted, and that the blood is constantly loaded 
with sugar. 

We must, therefore, try to decide the question in a direct 
manner, and ascertain whether a diabetic liver contains gly- 
cogen. This method has actually been adopted. 

Eiilz * examined the liver of a patient who suffered from 
the aggravated form of diabetes, and had been for a long time 
before his death restricted to a diet of meat. The patient 
had taken his last meal thirty-four hours before death, and 
had been moribund for twenty-eight hours. The post-mortem 
took place twelve hours after death. About the tenth part 
of the liver served for the determination of glycogen, and 
yielded roughly 0*7 grms. of glycogen. Kulz estimated the 
amount of glycogen in the whole liver at from 10 to 15 grms. 
Besides this, it contained a large quantity of sugar, part of 
which also originated from the glycogen.! The amount of 
glycogen during life must therefore have been very consider- 
able. 

Von Mering t had the opportunity of examining the livers 
of four diabetics, in Prerichs' wards. " Two of them, who 
died of phthisis, and who had no sugar in the urine eighteen 
and twenty hours before decease (although there had pre- 
viously been a considerable amount), exhibited neither gly- 
cogen nor sugar in their liver, although in one case the post- 

* Kfllz, Pflager'B Areh,, Tol. ziii. p. 267 : 1876. See also the older statements 
of Eiihne, Virchow'a Areh,, vol. xxxii. p. 543 : 1865 ; and M. Jaff^ ibid., vol. 
xxxYi. p. 20: 1866. 

t To obtain an exact estimate of the glycogen, the liver must be immersed 
in boiling water directly after death, in order to stop the fermentative action, by 
which the glycogen wonld otherwise be broken up. 

X Von Mering, Pfluger's Areh,, vol. xiv. p. 284 : 1877. 
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mortem examination took place immediately after death. In 
the two other cases where the diabetics died suddenly, and 
the nrine removed from the bladder after death was full of 
sugar, both glycogen and sugar were found in abundance." 

M. Abeles* examined the organs in the bodies of five 
diabetics, in E. Ludwig's laboratory in Vienna. No glycogen 
was found in any of the organs examined in two cases, one 
of which had died of phthisis, and the other of prolonged 
furuneulosis and metastatic purulent pericarditis. The re- 
maining patients had died from diabetic coma. The organs 
were not examined for several hours after death. The liver 
was examined in two oases, and a little glycogen was found : 
0'16 grm. and 0*69 grm. There was none in the muscles. 

The liver of living diabetics has also been examined for 
glycogen in Frerichs' wards.f These experiments are so im- 
portant that I will quote the passages, unfortunately very 
short, in which they are described. 

'' Professor Ehrlich effected it by means of a fine trocar, 
which had been carefully disinfected, and which was inserted 
in the parenchyma of the liver. When the instrument was 
removed, sometimes a little blood only, but generally a few 
hepatic cells, either isolated or united in groups, were found 
in the tube ; there was occasionally a somewhat larger piece 
of the liver, which was hardened in alcohol, and cut, after 
being imbedded in collodion. In this way, we were able to 
examine the hepatic tissue during life in three cases. They 
had all, both healthy and diabetic, eaten heartily, especially 
of amylaceous food. The puncture was made from four and 
a half to five and a half hours after the meal. 

'' A considerable quantity of glycogen was found in the 
first case, that of a healthy man, addicted, however, to 
alcohol. The cells^ in the peripheral regions of the acini 

* M. Abeles, Centrdlb./. d. med. WUaenack.^ p. 449 : 1885. 
t Frerichs, loc. eit,^ p. 272. AIbo plates of the histological sections of the 
liveTs. 
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had undergone fatty degeneration, but contained glycogen 
as well. 

^* The second case was that of the diabetic Dn, The 
hepatic cells were almost free from glycogen, thongh a few 
showed a slightly brownish hue, denoting the presence of 
traces of this snbstance. 

'' In the third case, that of a diabetic woman, a tolerably 
large amount of glycogen was foond in the hepatic cells. 
The distribution of glycogen was very unequal, parts contain* 
ing but little alternating with others richly provided with it. 
Large granules of glycogen, which frequently filled almost the 
whole of the cells, were often found in the marginal acini. 
They did not, however, consist of pure glycogen, but mainly 
of a supporting substance, as their yellowish colour denoted. 
They could not be regarded as artificial products caused by 
the alcohol, as they occurred likewise in dried preparations. 
The nuclei were generally free from glycogen, although in 
one place glycogen appeared to be deposited round the 
nucleolus. This is very analogous to the deposits of starch 
round the nucleoli in plants. 

'' Examination of the dried preparations, which were ob- 
tained from repeated punctures, showed the same result, 
i.e. absence of glycogen in case 2, and a moderate amount 
in case 8." 

I think these facts also indicate that we cannot apply the 
term diabetes to one single malady ; lesions, similar to those 
which produce artificial diabetes, may also produce certain 
forms of the malady (and especially glycosuria from injury 
to the medulla oblongata) , but by no means all. 

The fact that no sugar passes into the urine in cases of 
prolonged hepatic disease, in cirrhosis of the liver, and in 
phosphorus- poisoning, is very remarkable. Frerichs could 
not detect any sugar in the urine, even after large quantities 
of grape-sugar had been taken, in cases of cirrhosis of the 
liver, where a subsequent autopsy showed complete degene* 
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ration of that organ.* After administration of from 100 to 
200 grms. of grape-sugar to patients suffering from phos* 
phorus-poisoning, in Frerichs' wards, a small amount of it 
was traced in the urine in two cases, while in seventeen 
others the result was negative. No trace of sugar or gly- 
cogen was ever found in the liver in any case of phosphorus* 
poisoning, where fatty degeneration of that organ had set in.f 

Diabetes is evidently not due only to a disturbance of the 
glycogenic function of the liver. As far as I know, the muscle 
of diabetics has only been examined for glycogen in two cases, 
and, as already stated, with a negative result.t 

The varying course axid issue of the disease seem also to 
show that there are many different forms of diabetes. § We 
can find all stages between transient and symptomatic gly- 
cosuria on the one hand, and the chronic variety of diabetes 
on the other. We occasionally see that the milder forms of 
chronic diabetes are as completely cured as symptomatic 
glycosuria. In chronic diabetes, a temporary disappearance 
of glycosuria may, as we have already mentioned, be fre- 
quently induced by a withdrawal of carbohydrates from the 
food. If the patient takes active exercise, a considerable 
quantity of carbohydrates may be borne without a passage of 
sugar into the urine. In other cases, again, the excretion 
of sugar continues, although the food may consist exclusively 
of albumen and fat. Slight forms of diabetes frequently 
become aggravated, and, apart from this, they are not exempt 
from fatal complications. The severe form also runs a varying 
course. It is sometimes acute, and death occurs after a few 
weeks, or, it may be, after a year or two ; in others, it may 
not take place for from ten to twenty years. Ordinarily 
glycosuria is associated with polyuria, the daily amount of 

* Frerichs, loe, ctt, p. 43. t Ibid., p. 45. % Abeles» loo, oit, 

§ Frdr. Albin Hoffmann has made an interesting attempt to classify and 

define ^ihe Tarious forms of diabetes {Verhandl. d. Congr. fUr inn, Med.^ p. 159 ; 

Ffiiifter Ck>ngres8, Wiesbaden, 1886). Compare also Kulz, loo, oit., Tui. i p. 217 : 

and Yol. ii p. 144. 

2 r 
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urine rising to as much as 12 litres, while the patients are 
tortured by continual thirst. On the other hand, sugar may 
appear in the urine without polyuria and increased thirst. 
Frerichs * has observed more than thirty cases in which the 
amount of urine did not exceed 1700 to 2000 cms., while the 
quantity of sugar rose from 4 to 6, and even 8 per cent. In 
rare cases, diabetes mellitus may pass into diabetes insipidus,! 
polyuria without glycosuria. In diabetes, death is caused by 
varioos complications, such as simple marasmus, pulmonary 
phthisis, farunculosis, or carbuncles, nephritis, etc., and is 
frequently ushered in by diabetic coma. 

I will dwell upon these symptoms a little more fully, 
because recent researches afford a perfectly satisfactory 
chemical explanation of them. The abnormal constituents 
of the urine, to which I have already drawn attention, oxy- 
butyric acid, aceto-acetic acid, and aceton, which may fre- 
quently be traced in small quantities during the earlier stages 
of the disease, become considerably increased in coma. We 
shall immediately see that the cerebral symptoms occur at 
the same time that these substances are produced. 

A comatose condition certainly may occur, towards the 
close of the disease, without these abnormal products of 
metabolism being formed, but in these cases the coma 
depends upon complications, such as acute cardiac insuffi- 
ciency, cerebral hemorrhage, nephritis, and the like. But 
in most cases, the above-named substances are demonstrable 
in the urine in diabetic coma ; and the majority of authors 

* Frerichs, loc. eit^ p. 192. 

t This shows that polyuria in diabetes meUitus is not a necessary conse- 
quence, at any rate not in all cases, of the glycosuria, but may be the result of 
nervous disturbance. Concerning diabetes insipidus, see Eiilz, "Beitr. sur 
Pathol, u. Therap. des Diabetes mellitus u. insipidus," toI. ii. : Marburg, 1875. 
The previous literature on diabetes iusipidos is summarized pp. 28-31, and 
particularly that dealing with the occurrence of inosit in the urine in thia 
disease. Vide Eulz, Sitzungsber d, Ges. z, Befdrd, d, ges. Nciturw. su Marburg, 
No. i : 1876. For the chemical properties of inosit, see Haquesne, Campt, rend* 
vol. civ. pp. 225, 297, and 1719 : 1887. 
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have attributed this variety of coma to their narcotic iu- 
fluence^* especially to that of aceton^ which acts in this 
respect like alcohol, ether, and other members of this group. 
But more careful experiments showed that the narcotic action 
of aceton was not powerful enough to account for diabetic 
coma,t especially if it be considered that aceton arises from 
proteid, and that the amount of the latter decomposed is not 
sufficient to yield the quantity of aceton required to produce 
coma. 

The action of aceton resembles that of ethyl alcohol, but 
is not quite as powerful. Aceton can be given to dogs in 
the proportion of 1 grm. for every kilogrm. of body weight 
without any effect. Doses of 4 grms. for every kgrm. cause 
symptoms of intoxication with marked motor disturbances, 
similar to those produced by ethyl alcohol. Eight grms. for 
every kgrm. is the fatal dose of aceton, and from 6 to 8 grms. 
that of ethyl alcohol.} In order, therefore, to poison a person 
weighing 70 kgrms., from 500 to 600 grms. must be taken. 
This amount could not possibly be formed from decomposing 
proteid. 

That diabetic coma does not result from the narcotic 
action of aceton is further proved by the fact already stated, 
that the amount of aceton in the urine sometimes diminishes 
during the stage of coma, while there is an increase in its 
precursor, oxybutyric acid, which has no paralyzing influence 
on the brain. § 

* A complete summary of all the literature on this subject is ^ven by iron 
Buhl, Zeitschr, f, Biolog.,\oh xvi. p. 413: 1880; and by Budolf von Jakaoh, 
** Ueber Acetonnrie u. Diaceturie :" Berlin, Hirschwald, 1885. Also Freriohs, 
loo, eit, pp. 114-120. 

t Vide Peter Albertoni, Arch. /. ex^^, Paih. u. Phcurm^ vol. xviii. p. 218 : 
1884 (from Schmiedeberg's laboratory). This includes a complete report of the 
numerous earlier experiments. 

X Albertoni, toe. eU., pp. 223, 224, 226. 

§ Wolpe, ** Unters. Uber die Oxybutteniinie des diabetlschen Hames,'* Dis- 
sort : Konigsberg, 1886 ; Areh./, exper. Path. «. Pharm., vol. xxi. p. 188 : 1880 ; 
and O. WiikoxtskU Mittheilimge^i au» dermedicin. Elinik xu Kdnigsberg, vol. xvii. 
p. 443 : 1883. 
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Stadelmann* and Minkowski f have, however, offered a 
satisfactory explanation of this condition. They refer it to 
a saturation of the alkalies in the blood by the products of 
incomplete combustion, which are of an acid nature like 
oxybutyric acid. The symptoms of diabetic coma are, in fact, 
similar to those observed by Fr. Walter I in animals, which 
he poisoned with mineral acids. When dilute hydrochloric 
acid was injected into the stomach of a rabbit, dyspnoea 
occurred, the animal lost the power of motion, and died with 
all the signs of collapse. But if carbonate of soda were sub- 
cutaneously injected, after the symptoms of poisoning had 
set in, the animals recovered. Walter estimated the car- 
bonic acid in the blood of animals which had been poisoned 
with acids, and found only from 2 to 8 per cent, by volume. 
This, as I have shown in our remarks on the gases of the 
blood (p. 286), is the amount of carbonic acid, which is 
simply dissolved in the blood. Consequently, the blood of the 
poisoned animals contained no alkalies that could fix the 
carbonic acid, as they had been saturated with the hydro- 
chloric acid.§ It follows that the blood had been deprived 
of the carrier of the carbonic acid, which consequently ac- 
cumulated in the brain, and produced the usual symptoms. 
Walter has also demonstrated, as I have mentioned, that the 
administration of acids increases the amount of ammonia in 
the urine. Very similar phenomena are observed in diabetic 
coma. The effect of hydrochloric acid in the experiments on 
animals is identical with that of oxybutyric acid in diabetic 
coma, nere also dyspnoea is a symptom ; the diabetic also 
shows an increase of ammonia in the urine, and this increase 

^ E. Stadelmann, Arch. f. ezper. Path, ti. Pharm.^ vol. xvii. p. 448 : 1883. 

t O. Minkowski, loc, cit 

t Fr. Walter, Arch, /. exper. Path, u, Pharm,, vol. yii. p. 148 : 1877 (from 
Schmiedeberg*8 laboratory). 

§ Walter (loe. cit) Bpeaks of withdrawal of alkali, which has not been proved 
by bis exi>erlraent8. The alkalies that are saturated by the acid may remain in 
the blood as neatial salts, until the kidneys have excreted the acid, leaving the 
bases in the blood. 
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reaches the highest point in the stage of coma.* Minkowski 
has also determined the amount of carbonic acid in the 
blood of a comatose diabetic patient, and has only found a 
volume percentage of 8*8. The blood had been taken a 
short time before the death of the patient from his radial 
artery .t Blood taken from the dead body had a distinctly 
acid reaction, and contained large quantities of oxybutyric 
and sarcolactic acids. 

Finally, I may be permitted to make a few remarks on 
the treatment of diabetics from the chemical point of view. 

So long as the causes of the different forms of diabetes 
are unknown to us, there can be no question of a rational 
mode of cure. We can do nothing more than relieve the 
most painful symptoms. 

It has been quite right to try and reduce the amount of 
undecomposed sugar in the body, not only because it is 
useless, but because its circulation induces disturbances in 
all the tissues, and because certain organs, especially the 
kidneys, are overworked, and a tormenting thirst is induced. 
On this ground, muscular work is strongly to be recommended. 
Kiilz,t as we have already remarked, has shown that in many 
cases muscular exertion materially diminishes the excretion 
of sugar. Bouchardat asserts that he has obtained permanent 
improvement in many cases by this method. It does not 
answer in all cases, a circumstance which also tends to prove 
the existence of different forms of diabetes. 

If we desire to reduce the amount of carbohydrates, we 
must be prepared with a substitute. A diet consisting exclu- 

* Minkowski, loe, eit.^ p. 179. 

t I must refer to the extremely interesting original work for the details of 
this experiment It also contains important critical observations on the most 
recent literature of diabetes. 

t Kiilz, loe. eit, rol. i. pp. 179-216 (where the older statements of Tronssean and 
Bouchardat are quoted), and toI. ii. pp. 177-180. Also Dr. Karl Zimmer, " Die 
Muskeln eine QueUe, Muskelarbeit ein Hoilmittel bei Diabetes : " Karlsbad > 
1180; and yon Mering, VerhandL d. CongreB§e$ /. innere Mtdieiny p. 171 : Wies- 
baden, 1886. 
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sively of albumen is objectionable, because it gives rise to 
acetonuria, and increases the danger of coma. So long as 
the theory prevailed that diabetes consisted essentially in 
an inability to decompose the sugar, it was sought to intro- 
duce the products of decomposition of food. But we are not 
acquainted with the intermediate products of the decom- 
position of sugar, and even if they were known to us, we 
could not replace the sugar by introducing them, because at 
the moment of decomposition kinetic energy is liberated, 
which is utilized in the performance of muscular and other 
functions. Nevertheless, some physicians have thought that 
the daily administration of from 5 to 10 grms. of lactic 
acid would serve as a substitute for the 800 to 800 grms. of 
carbohydrates required by an adult! Larger quantities of 
lactic acid cannot be given, because they would disturb the 
digestion. 

Acting on an erroneous supposition of 0. Schultzen,* who 
imagined glycerin to be one of the normal products of the 
decomposition of sugar, they have tried to replace sugar 
by glycerin. The latter has the advantage over lactic acid 
of its sweet taste, but only a very small quantity can be 
prescribed. After large doses, a part passes unaltered into 
the urine {vide supra, p. 406). t Glycerin should therefore be 
given in its natural form as fait l^a.ts can be digested very 
well by diabetics (vide supra, p. 420), and are the best substi- 
tutes for the carbohydrates. § 

So far as I know, the administration of IsBVorotatory 

* O. Solmltzon, Berliner kUntBche Wockefuchr, No. 35 : 1872. 

t To Batisfy the aense of taste, sacoharia has recently been introdaoed as a 
substitute for sugar. With regard to the experiences of its nse, see £. Kobl- 
8ch utter und M. Elsasser, Arch, /. klin, Med., vol. xli. p. 178: 1887; and the 
article ''Saccharin," by T. Stevenson and L. 0> Wooldridge, in the Laneet, 
November 17, 1888. 

X Considerable variety and change of diet may be effected in the way of ficits 
with fat fish, of which a number are easy of digestion^ yolk of egg, fresh cream 
(one-half of its smaU proportion of milk-sugar being utilized ^ by diabetics), 
almonds, nuts, cocoa, and olives. 

§ Pettenkofer and Voit, ZtiUehr.f. Biolog., voL iii. p. 441 : 1867. 
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carbohydrates has never been seriously tried. As diabetes 
is a disease much more common among the well-to-do, there 
must be many patients in a position to afford this costly 
article of food. 

It is well known that essential improvement in the con- 
dition of diabetics, especially with regard to the elimination 
of sugar, is effected by the use of alkaline, and particularly of 
Carlsbad, water in the water-cures. It was thought that 
the increased alkalescence of the blood favoured combustion 
{vide 8upra, p. 267). This explanation appears still more 
probable if we consider the abnormal acids which occur in 
blood of diabetics. But it has been proved by direct experi- 
ments that the mere administration of carbonates of alkalies 
without the mode of life adopted at watering-places, does not 
diminish the excretion of sugar.* 

So far the attempts to subdue diabetic coma by the 
injection of carbonate of soda into the blood have remained 
without any f^ivourable results.t We cannot expect to obtain 
any real improvement from the addition of alkalies, because 
this mode of treatment deals only with the symptoms, and 
not with the cause of the disease. 

^ Frerichs, Joe. cit,, p. 263. Nencki and Sieber, Jawm. /. prtikt, Chem., vol. 
zztL p. 83 : 1882. Alao Kiilz, loe, eit^ vol. i. 81 ; ii. 154. A Bummary of aU 
the earlier literature vill be found here. 

t O. Minkowski, MiUheilungen atu der medieiniiehen Klinih tu KOnigtberg 
t. Pr., pp. 183-186 : 1888. 
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salts in, 107 

— of puppy, before suckling, 107 

— of articles of diet, 111 
of serum, 286 



Aspabtic acid (amido-succinic acid), 

61 

, heat-equivulent of, 70 

, precursor of urea^ 319-820 

Asphyxiated animaia, Uood of, 259, 

262, 267 
Astaschewskt, lactic acid in muscle, 

398 
Atmosphebic pbessube, its relation to 

oxygen in the blood, 260 
, relation of COj pressure in the 

blood to, 284^285, 287, 291, 293 
Atbiplex, sodium in, 138 
AuBEBT, H., cutaneous respiration, 

298 
-^— , frogs living without oxygen, 

396 
Aubbbach, behavionr of phenol in the 

body, 279 
Avidity, 162 
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Baas, behaviour of amido-aoids in the 

body, 279 
, conjugated sulphuric acids in 

the urine, 361 
Babo, L. von, use of centrifuge, 243 
Bactebu, metabolism of, 44 

in alimentary canal, 110 

, action of hydrochloric acid on, 

156-158, 169-170 
— , process analogous to pancreatic 

action in, 178 
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Bacteria, decomposition of formate 

of lime by, 183-184 
Bass, A., on alcohol, 141 
Baeykb, a., oonstitation of nrio acid, 

834 
-^— , indigOi 359 
Balance of carbonic acid and oxygen, 

16-19 
Barral, on nee of salt in agrionltore, 

130 
Bartels, urine and nrio acid, 332 
, elimination of nrio acid in lea> 

chsBmia, 840 
Barth, on inyertin, 182, 187 
Bart, W. de, on symbiosis, 4&ru 

, on bacteria in stomach, 170 

Bauer, J., influence of alcohol on 

elimination of carbonic acid, 143 
, whether proteid is absorbed as 

such, 224 
, metabolism in phosphorus- 
poisoning, 408 
Batjhann, £., oxidation of pyrogallol, 

270 

• , oxidation of benzol, 271 

ypyrocatechin, 276 

, conjugated sulphuric acids, 277 

, behaviour of amido'acids in the 

body, 279 

, indigo in urine, 359 

, behaviour of aromatic compounds 

in the body, 360, 861 
, origin of cystin, 363 
Baumert, respiration in fishes, 304 
Baumgartxer, respiration in the egg, 

263 
Batrr, H., bile-acids, 208 
Bealb, L., origin of fibrin, 287 
Beaumont, emptying of stomach, 177 
Bechamp, J., nature of peptones, 201 
Benskb, F., cystin, 365 
Benzaldehtdb, oxidation of, 270 
Bbnzavide, 810 
Benzoic acid, 280-281 
, concerned in formation of hip- 

purio acid, 811-318 

as a remedy in gout, 335-336 

Benzol, its oxidation outside the body, 

270-271 
, its behaTiour in the body, 278- 

280 
Benzyl ALCOHOL, 280 
Bergmann, S. yon, transfusion of 

blood, 240 
-^— , urobilin in pathological urine, 877 
Berlinebblau, M., lactic acid in teta- 

niasd mniole, 807 
~^, origin of lactic acid from oar. 

bohydrates, 898n. 



Bernard, Cl., salivary glands, 153 
— ~, digestion of stomach, 173 
— , action of pancreatic juice on 

fats, 192 
, decomposition of oxyhssmoglo- 

bin, 257 

', pyrogallol, 276 

» glycogen, 882 

, glycogen in rauscnlar work, 391 

•, diabetes mellitns, 417 

Bert, P., effect of rarefied air, 260 

, carbonic acid poisoning, 294 

Berthblot, on electrical discharges, 

20n. 
BERTHOLLimA BXCBLSA, crystalloids of, 

54 
Berzelius, synthesis of hippuric acid, 

312 
Beta altissima, sodium in, 133 
Bezold, a. yon, on potassium and 

sodium in vertebrates, 129 
Bidder, on absorption of iron, 97 

, saliva, 153 

— , analysis of ash of pancreatio 

juice, 194 
— , on biliary fistulse, 207 

, starvation, 251 

BiENSTocK, bacteria in feeces, 170 
Bikfalyi, inflnence of alcohol on diges- 
tion, 143 
Bile, 207-217, 372-382 

, iron in, 97 

, constituents of, 208-211 

acids, 208-210, 213-214, 217, 

374-875, 379, 882 

pigments, 210, 851, 374, 375- 

882 

, composition of, 212 

, functions of, 218 

-) its action on fat, 215 



-, its antiseptic action, 217 
in jaundice, 878-382 



Bilirubin, 210 

, its relation to hsematin and uro- 
bilin, 858-359 
— , its origin, 875-378 
in jaundice, 378-381 

BiLIRUBINURIA, 878 

BiLiYERDiN, 210, 876, 877 

BiNZ, C, on excretion of alcohol, 18S 

, on stimulating action of alooholt 

189 

, action of quinine on cells, 317 

Birds, urine of, 841-847 

, extirpation of kidneys in, 342 

, extirpation of liver in, 843 

BiRK, L., coagulation of the blood, 238 
BiscHOFF, E., on amount of blood in 

body, 92 
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BiscBOFF, E., on nuicitive yalae of vege- 
table food with extract of meat, 149 

— , snlplmr componnds in the orine, 
362 

BizzozKBO, J., ooagalation of the blood, 
240 

Bladder, concretions in the, 355 

Bleilb, a. M., colloid carbohydrates in 
portal blood, 191 

, sugar in blood, 219, 221 

Block, L., fat digested in diabetes, 
420 

Blondlot, biliary fistnlae, 207 

— , fnnction of bile, 215 

Blood, 234-252 

— ^, its circnlation, how far expli- 
cable,?. 

• , iron in, 92 

J amount of inorganic salts in 

dog*s, 107 

, sugar in the, 219-221 

, fat in the, 221-222 

, proteid in the, 223 

— > bile pigment in the, 376, 378 

Blood, coagulation of the, 234-240 

, chemical composition of the, 

241-252 

Blood, defibrinated, 235, 240, 242- 
246 

— - fibrin, 234, 237n., 240, 247-249 

senim, 234, 241-246, 249-251 

plasma, 234, 239, 241, 247-249 

, red corpuscles, 234, 241-260 

leucocytes, 237-240 

Blood, gases of the (Oxtgen, Car- 
bonic ACID, and Nitrogsn), 254-303 
, amount of oxygen in the, 256, 
259 

•^— of asphyxiated animskls, 259, 
262, 267 

, carbonic acid in the, 284-294 

Blood, regulation of its composition 
by kidneys, 349-352, 371 

, regulation of its composition by 

liver, 371, 372 

•— ~-, increase of sugar in diabetic, 
419 

Blood-corpuscles, how concerned in 
synthesis of hippuric acid, 317 

Blood-vessels, coagulation in, 236 
, oxidation within the, 261-263 

Bock, C, sugar in blood of diabetics, 
419 

Bodlander, G., on excretion of alcohol, 
138 

BoECK, influence of alcohol on, elimi- 
nation of carbonic acid, 143 

B(EcKER, influence of mental work on 
metabolism, 4dn. 



BoBDEKER, analysis of fluid 'secreted 

by Dolium galea, 159 
BoEHM, on different actions of mua- 

carins, 88 
— , amount of glycogen in muscle, 

883 
— , origin of lactic acid in dying 

muscle, 898n. 

, amount of glycogen in cats, 411 

BojANUs, coagulation of the blood, 

238 
BoKAT, on decomposition of lecithins, 

88n 
Bone, fluorine in, 27 

, constituents of, 61-62 

, gelatin of, 63 

, digestibility of, 65-66 

Border cells, 167 

Bouillon, value as food, 147-152 

BoussiNGAULT, ou use of salt in agri- 

culture, 130 
Brain in mental functions, 43 
Brandt, Earl, on chlorophyll .gran- 
ules, 45 
Brefeld, on an»robic fermentation. 

185 
Brieoer, on bacteria, 170 

, cresol, 276 

, indigo in urine, 359 

Bbombenzol, eftect of its administra- 
tion, 363-365 
Bromine, circulation of, 27 
Brouphenylcystein, 364 
Brown, H. T., digestion of starch, 191 
Bruckb, E., on alkaline reaction of 

gastric mucous membrane, 160 

, isolation of ferments, 187 

— , digestion of starch, 190 

, emulsifying action of alkalies, 

198 
— •, albumoses, etc., 195n. 

, vessel-wall in coagulation, 236 

, quantitative determination of 

glycogen, 382 
BucHHKiM, on absorption of iron after 

its injection, 98 

, antecedents of urea, 321 

Buchner, W., influence of alcohol on 

digestion, 143 
Buffy-coat of the blood, 239 
Buhl, von, action of aoeton, etc., in 

diabetes, 435 
Bunge, G., on iron in ash of whole 

animals, 92 
, amount of inorganic salts in 

milk, etc., 106, 109 
, foimation of free sulphuric aoid 

in absence of basic salts from food, 

115-116 
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BuNGi, G., on the use of salt, 122n. 
, lime in extract of meat, 14i9 

, qnantitatiye analysis of tbe 

blood, 243 
— -, anesrobic organisms, 263 

, composition of seram, 286 

synthesis of hipporio acid in 



animal body, 313* 
— -, oxygen not necessary to ronnd 

worm of cat, 396 
BvNiTA, allantoin, 336 
BUNSBN, gas-analysis, 254 
BuNTZEN, on diet, 81 
BuRCKHABDT, protcids in blood of 

starving animals, 261 
BUKNS, effect of, 302-303 
BuscH, W., emptying of stomach in 

disease, 177 
Butyric fermkntation, 170, 186, 304- 

306, 398-399 



Oafteins (trimethyl-xanthin), 145- 

147 
Gahn, on absorption of manganese 

salts, 96, 98 
— , acids in the stomach, 171 
Calcium, circulation of, 23 
Oalculi, formed by nric acid, 333, 

366-357 
-^— , by xanthin, 348 

, by phosphates, 367 

1 by cystin, 865 

, by oxalates, 369-370 

Gampberol, 281 

Cahphoe, its behayioar in the body, 

281 
Ganb-suoar, deoomposition of, 182 
Gamtani, a., diabetes mellitns, 417 
Gapilla&ies, passage of food-stnffs 

through, 21&-223 
-^— of the langs, tension of GO, in, 

292 
Capillary walls of kidneys, their 

function, 349 

GaEBAM ATE OF AMMONIA, 324 

Carbamide (urea), 319 
Carbohydrates, 68-85 

^ , as sources of muscular energy, 

71-72, 391-392 
, amount in food, 74-76 

, absorption of, 81 
, amount required, 86 

, action of pancreatic juice on, 
190 
, action of intestinal juice on, 203 

, action of bile on, 215 



Carbohydrates, respiratory quotient 

in combustion of, 294-297 
  , their deoomposition in muscle, 

397-399 
-^— , origin of fat of tissues from, 412- 

414 
Carbon, circnlation of, 16 

, heat-equiyalent of, 69 

Carbonate of ammonia, a precursor 

of urea, 319, 321-327 
Carbonate of soda, in blood and 

lymph, 160, 164 

, in pancreatic juice, 194 

, in intestinal juice, 205 

Carbonic acid, its. struggle withsilicio 

acid, 17-18, 132 

, taken up by plants, 15, 33 

, amount in atmosphere, 16 

, balance of, and oxygen, 16-19 

• , proportion of inspired oxy£^n to, 

exhaled, 36-38, 294-297 
— , influence of alcohol on excretion 



of, 143 

, its influenoe of mass, 162-164 

, its behaviour in the processes 

of internal and external respiration, 

284-303 

, excretion by the lungs, 289 

, excretion by the skin, 297-803 

— — , amount in the blood, 284-286 
-^— , how combined in the blood, 285- 

287 

, how eliminated, 289-291 

, amount expired, 291-292 

, its partial pressure in the blood, 

284-294 
-— ^, its partial pressure in the tissues, 

292-294 
• in alimentary canal, 304, 305'- 

309 
, effect of muscular work on its 

excretion, 389-391 
Carbonic oxide, its behaviour in the 

body, 276-277 
Carboxyl, 280 

chloride, 819 

Carcinoma of the pylorus, 171n. 
Carmine, how eliminated from the 

blood, 361 
Cartilage, constituents of 61, 62 

, gelatin of (chondrin), 63 

, digestibiHty of, 65-66 

, sodium in, 107, 134 

Cartilaob-gelatin (chondrin), 62, 63, 

68n. 

, heat-equivalent of, 70 

Casein, of milk, 52 

, heat-equivalent of, 69 
Cash, Th., absorption of fats, 206 
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Catalytic effect and sobBtanoes, 181, 
184-186 

Catarrh of the stomaohi 170 

Catheter, lung, 290 

Causes, diBtinotion between imme- 
diate and ultimate, 89-41 

Cazeneuve, p., alkalinity of urine, 357 

Cell, the, 8 

, hereditary transmisBion through 

the, 10 

, oxygen essential to, 263 
Cells, functions of, 3-i5, 8-10, 108, 

164, 174, 194, 216, 318 
Cellulose, heat-equivalent of, 70 

, importance of, 81-84 

, amount in yarious articles of 

diet, 83-84 
-, digestion of, 191-192 



-9 - — ^^ _ _ _ _ , 

Cephalqfods, copper in, 28 

Cereals, value as food, 80 

Cetacea, 154 

Chalk, 18, 133 

Chaniewski, St., formation of fat from 

carbohydrates, 412 
Chemical composition of the blood, 

241-252 
Chemical elements, 14-28 
Chenopodium, sodium in, 133 
Children, their food compared with 

that of adults, 79, 80, 106-114 
Chittenden, albumoses, etc., 195n. 
Chlorate of potash, 181 
Chloride of sodium, 118-135 
. , formation of hydrochloric acid 

from, 160-164 
Chlorides, how concerned in the 

organism, 108 
Chlorine, circulation of, 22 

in milk, 108 

, loss of, after vegetable food, 120, 

121 
^— , its decrease during growth of 

organism, 134 
Chlorophyll, its relation to iron,24-25 

, its presence in animals, 45 

Chlorosis, use of iron in, 98, 103 

Chocolate, 147 

Cholalic acid, 208-209, 214, 366 

, its origin, 375 

Cholesierin, 91-92 

, in bile, 211 

, amount in red blood- oorpascles, 

250 
Cholin,87 
Chondrin, 62, 63, 63w. 

, heat-equivalent of, 70 

Crossat, starvation, 251 • 
Chrzonsczewski, elimination of car. 

mine from the blood, 351 



Chyle, 219, 223, 235, 253 

, effect of diet of free fatty acids 

on, 404, 405 

Chyme, 178 

Cienkowski, on the TawpyreUa vgiro^ 
gyrcBy 4 

CiNNAMic acid, 280 

Circulation of the blood, how far ex- 
plicable, 7 

-^— of chemical elements, 14-28 

Cirrhosis of the liver, 327, 345 

Claus, decomposition of uric acid, 336 

Clay, silicic acid as, 17 

ClI^ve, oholalic acid, 209 

Clot, the, 234, 237 

Coagulation of the blood, 234-240 

of proteidB, 52-53 

Coal, carbon as, 15 

— -, formation of, 16 

Cocoa bean, 146-147 

C6-EFFICIENT8 OF ABSORPnON of in- 
testinal gases, 307 

Ccelenteratj:, their animal and vege- 
table nature, 45 

Coffee, 144-146 

Cohnhbim, J., isolation of ferments, 187 

Collagens, 61-66 

Colloids, 51-52 

Colouring matters of bile, 210, 851, 
374, 375-382 

of urine, 357-360 

Colpodella pugnax^ its selection of 
food, 4 

Coma in dlabetes, 434-437 

Combustion, liberation of fixed nitro- 
gen by, 21 

, source of animal heat, 35-38 

of food-stuffs, respiratory qna^ 

tient in, 294-297 

of oxygen in the body, 261-267 

Comma bacillus, 169 

Common salt, 118-135 

Concretions in biliary ducts, 211 

in the bladder, diet in cases of, 

355 

-^-, gouty, 333 

Condiments, 136 

Conjugated sulphuric acids, 277-279 

in urine, 359-362 

. See Indigo 

Connective tissue, constituents of, 61, 
62 

, gelatin of, 63 

, digestibility of, 66 

Consciousness, its relation to space, 2 

Conservation of energy, 29-46 

, law of, 32 

in inorganic nature, 29-32 

^-— > in vital processes, 33-38 
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C0N8BBYATION OF ENS ROT, itB relation 
to psychical processes, 88, 41-43 

GoNTKAcnoN, muscular, cause of, 38, 41 

Gopp£R, cironlation of, 28 

 compounds of egg-albmnen, 59 

, oxide of, colloid modification, 

51,62 
, , as oxygen-carrier, 274 

CoBAKDA, ammonia in nrine, 323 

GoRDUA, laile-pigment in the blood, 377 

GoRPUsCLBS of the blood, 234, 235 

, white, their relation to coagula- 
tion, 237-239 

white, in uncoas^ulated blood, 239 

, red, methods of separating them 

from serum, 241-242 

— , red, their proportion to serum, 
242-245 

f their composition in defibrinated 

blood, 245-246 

, their composition in total blood, 

246-249 
, organio constituents of, 250 



GoRUifDUM, alumina as, 53 

GoBvisART, peptonizing action of pan- 
creatic jnice, 195 

GouTARiT, digestion of starch, 190 

Grkatin, not a source of energy, 148 

, its action on muscle, 151-152 

, precursor of urea, 327-328 

, its composition, 329-330 

Greatinix. See Greatin 

Grbsol, 277 

Grvstacea, copper in, 28 

Grtstallization of proteids, 53-69 

— of bile-pigments, 210 

Grtsttalloids, 53 

Grtstals of magnesia-compounds of 
globulin, 54, 56 

' from salt solutions of globulin, 66 

of haemoglobin, 58 

GuiflNIC ACID, 280 

GupEic OXIDE, as oxygen-carrier, 274 

GUTANEOUS RESPIRATION, 297-303 

Gyanamide, 329 

Gtanic acid, 323, 334-335 

Gtmol, 280 

Gtstbix, 863-365 

Gtstin, 363-365 

Gystinuria, 865 

GzERNT, remoral of stomach in dogs, 

167 
-^— , absorption of proteid, 224 

D 

Dahnhardt, lymph, etc., 263 
Danilevtskt, comparison of heat-equi- 
valents of gelatin and proteid, Gin, 



Danilewsky, on heat-equivalents, 69 

, isolation of ferments, 187 

, experiments to isolate three pan- 
creatic ferments, 190n. 

f heat-equiyalent of peptones, 201 

, globulin in muscles, 252 

Dbbrat, H.,on decomposition of formio 

acid, 184 
Decomposition of food-stuffs, its rela- 
tion to oxidation, 185, 261-262, 263, 
393 

, of proteids, 61, 819 

, processes of, outside the body, 

179-185 
•, processes of, in diabetes, 421 



Defibrinated blood, 235 

, coagulation of, 240 

, methods of separating red cor- 
puscles from sernm in, 241, 242 
composition of, 243-246 



Degeneration, fatty, 143, 408-409 

Deiunt, B., action of intestinal jnice 
on food, 204 

Despretz, on the source of animal 
heat, 36 

Dbssaiones, hippuric aoid, 311 

Deville, Ste. Glaire, on decom- 
position of formic aoid, 184 

Dextrin, 183, 190-191 

Dextro-rotatory grapb-suqar in dia- 
betes, 418, 425 

Dextrose, heat-equivalent of, 70 

, oon version of staroh into, 190-191 

Diabetes, 417-439 

-, cause of sugar in the urine, 419 



, canse of increased sugar in the 

blood, 419 

, cause of diminution in decompo- 
sition of sugar, 420 

, increased decomposition of pro- 
teids in, 424 

— ^,l80vo-rotatory8ugar utilized in,425 
, artificial, 429 

1 glycogen in the liver, 430 

, forms of, 438 

, coma in, 484 

, treatment of, 487 

, urine of, 845, 418, 421, 423 

Diabetic puncture, 429 

DiAKONow, on lecithin, 86 

, on neurin, 87 

DuMOND, carbon as, 16 

D I ASTATIC FERMENTS, 188 

Diathesis, uric acid, 831, 383 

, treatment of, 855-357 

DiATOMACE.%:. silicic acid in, 25 
Diet, animal, 76-77 

, vegetable, 79-81 

, in dyspepsia, 306 
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DiBT, its effect on nrio acid excretion, 
d39 

DiFFEBENTIATION of cells, 5-6 

Diffusion not an explanation of vital 

processes, 3-5 
Digestion, action of saliva in, 153 
— ,  gastric jnice in, 155 

, stomach in, 167-169, 176 

, pancreatic jnice in, 178, 

190-198 
— , — ^ artificial gastric juice in, 
187-188 

intestinal juice in, 205 
bile in, 215 
, peptone, where found during, 

227-232 

of proteids, 155, 195-201 

of carbohydrates, 190 

of fats, 192 

DiGESTiTE secretion, importance of 

salt in formation of, 121 
— SECRETIONS. See Saliva, Gastric 

JUICE, Pancreatic juice, Intestinal 

jrncE, Bile 
DiMETHYL-XANTHiN (theobromine), 147 
DioxY BENZOL (pjrocatechin),276, 277, 

280 
Displacement of strong by weak acids, 

161-163 
Diuretics, caasing increased secretion 

of chlorine, 108 
Dogs, experiments on, 95, 166-167, 

173-175, 219, 223 
>, intestinal juice obtained from, 

202 

with biliary fistulte, 215 

Doliwn galea, fluid secreted by, 159-160 
, mineral acids, how liberated in, 

164 
Dolomite, 18, 133 
DoNATH, E., on invertin, 182 
Donders, union of sodium and COs in 

the blood, 287 
Draoendorff, bile-acids in urine,374n. 
Drechsel, E., on proteids, 52fip. 
, on crystals of magnesia-com- 
pound of globulin, 54 
-, origin of urea, 323 



Drosdoff, W., blood in portal and 

hepatic veins, 872 
D ULONG,on the source of animal heat,36 
DupRi, on excretion of alcohol, 138 
Dyspbpsia, HCl as a remedy in, 171 
, diet in, 306 

E 

Ebkrth, J., origin of thrombi, 236 
Ebstbin, on gout, 333 



Ebstein, g^graphical disiribution of 
calculi, 356n. 

— cystin, 365 

EcKER, A., anatomy of the frog, 266 

Egg-albumen, 52 

, copper compounds of, 59 

— , silver compounds of, 60 

, heat-equivalent of, 70 

, peptone obtained from, 200 

Eggs, silicic acid in, 27 

Ehrlich, p., reducing properties of 
living tissues, 272 

, processes of reduction in the 

body, 380 

Eichhorst, whether proteid is absorbed 
as such, 224 

Elastin, 66 

E LECTRic CURRENT, to cxplaJn the gastric 
secretion, 161 

currents in nerve and muscle, 6 

Electrical discharges, formation of 
nitrites by, 20 

Elements, chemical, 14-28 

Elsasser, on softening of the stomachy 
173 

Embryo, sodiom in, 184 

, bile in, 214 

, globulins in, 252 

, oxygen in, 265 

Emich, Fr., antiseptic properties of 
bile, 217 

Emminghaus, influence of blood-pres- 
sure on secretion of urine, 352 

Empyema, 233 

Emulsifying of fats, 193, 205, 216 

Energy, conservation of. See Conser- 
vation OF energy 

, kinetic. See Kinetic energy 

, potential. See Potential bnergt 

of the senses, 12 ' 

Engelmann, Th., on arcelloB, 8 

, on occurrence of chlorophyll in 

inf asoria, 45-46 

Entz, Geza, on ohlorophyll-grranules, 45 

Epithelial cells of intestine and 
glands, 3, 5, 108, 164, 174, 194, 216 

of intestine, reconversion of 

peptones into proteid in, 232 

Epithelium of kidneys, its function, 

349-351 
Equilibrium, nitrogenous, 65, 79, 225, 

404 

Erlenmeyer, E., i6« meric laotio acids, 
346n. 

Erman, intestinal respiration in fishes, 

304 
Brucic acid, 407-408 
Ethylbenzol, 280 
Ethylene alcohol (glycol), 86 
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EtHTLEinB LACTIC Adh (hydiacrjlic 

acid), d45n. 
Ethtlbnb oxide, 87 
Etbtlidsnb lactic actds, 845n. 
Sthilsvlphuric acid, 278 
Etzinosr, on digestion of cartilage 

and bone, 66 
Evapobation from skin, 118 
Evolution, salt in animalg explained 

by, 132-186 
EvTALD, C, Bynthesis of fatty adds 

with glycerine in the body, 405 
Extract or mbat, valne as food, 147- 

152 
, inorganic salts in, 149 



FiECES, hsBmatin in, 93, 215 

, colooriDg matter of, 358 

Falk, action of gastric jaice and HCl 

on pathogenic organisms, 169 
Fano, fate of peptone, 227 
Fat, its selection by epithelial cells, 

8-5 
of the tissnes, its origin from the 

fats of food, 401-408 

from proteids, 408-412 

from carbohydrates, 412-414 



Fats as food, 49, 68-85 
— as soQTces of heat, 71 
-: — f amount in food, 74-76 

, amoant required, 85 

allied to lecithins, 88 

— , action of pancreatic jnice on, 
192 
-, their composition, 192 



— , emulsifying of, 193, 205, 216 
— , action of intestinal jnice on, 
203 

— , action of bile on, 215 
— , absorption of, 8-4, 192-194» 206, 
216, 221-222 
-, respiratory quotient in combus- 



tion of, 294-296 
— the source of muscular energy, 
392-393 

— , origin of fat of tissues from, 
401-408 

digested by diabetics, 420 



Fattt acids, 88 

, action of alkaline salts on, 198- 

194 
, whether concerned in formation 

of tissue fat, 404-408 
, their synthesis with glycerin, 

405 



Fattt acids, their effect upon nitro- 
genous metabolism, 404, 406 

Fattt degeneration, 148, 408 

Feathers, silicic acid in ash of, 26 

, keratin in, 66 

Fechneb, proportion of sensations to 
intensity of stimulus, 42ik 

Feder, ammonia in urine, 323 

Feiertao, H., coagulation of the blood, 
238 

Fermentation, putrid, 166-158 

, alcoholic, 186-186, 898-399 

, lactic and butyric, 170, 186, 

304-306, 398-899 

, invariably accompanied by hy- 
dration, 185-186 

, marsh.gas, 297, 806 

Fermentations in the intestine, 304- 
806 

Fermentative action, definition of, 
186 

Ferments, 179-189 

, salivary, 168-154 

, pepsin, 156, 166, 188 

9 rennet, 156n. 

, pancreatic, 166, 189-198 

, liberation of acids by action of, 

165 

— , yeast-cells, 182 

, organised and unorganised, 186 

, isolation of, 186-^7 

-, effect of heat on, 187-188 



, diastatic, 188 

Ferric oxide, formiDg strata, 18 

, as ozygen-oarrier, 23-24, 276 

, colloid form, 61 

— , crystalline form, 68 
Ferrous oxide, oxygen fixed by, 18 

, iron as, on sorface of globe, 23 

Fibrin, 284, 287n., 240 

, heat-eqnivalent of, 70 

, production of peptone from, 198 

, amount in blood, 247-249 

FiLEHNE, on action of tilieobromine, 147 
Fischer, £., on caffeine, 146 

, constitution of uric acid, 334 

, xanthin, etc., 847n. 

Fistula, biliary, 207«. 

, composition of bile from, 212 

Flavard, sulphur compounds in the 

urine, 862 
Fleischer, elimination of uric acid in 

leuchasmia, 840 
Fleiscbl, E., bile-adds, where formed, 

874 
Flugos, C, analyses of blood in portal 

and hepatic veins, 872 
Fluids of pleural and pericardial cari- 

ties, how coagnlable, 240 

2o 
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Fluobinc, cironlation of, 27 

Fluorspar, 27 

Fccrus. 8e9 Embrto. 

Food, 47-152 

^— , potential energy of, 41, 113 

, oompontion of, 74-76 

, iron in, 103 

— — free from ash, experiments with, 
114-117 

, how preserved in alimentary 

canal, 166 
, action of saliva on, 163 
^ — ^ gastric jnioe on, 155 

, stomach on, 167-169, 176 

, —^ panoreatic jnice on, 178, 

190-198 

— , — intestinal juice on, 205 

, bile on, 215 

, absorption of, 3, 4, 176, 177\ 

218-238 \ 

— , nitrogenoQB, relation of lenoo- 
oytes to its absorption, 231 

FooD-OTum, definition of, 47-48 

, classification of, 49 

— , organic, 50-105 

' , inorganic, 106-135 

, heat^qnivalente of, 69 

, the paths they take during ab- 
sorption, 218-233 

, their oxidation in the body, 267- 

288 

, respiratory quotient in combus- 
tion of, 294-297 

, muscular energy, whether due 

to decomposition without oxidation 
of, 393-899 

FoBCB, vital, 1, 8 

1 the cause of motion, 29 

FoRMATB of lime, decomposition of, 
183-184 

FoRM-XLBKENTS, their relation to co- 
agulation, 240n. 

Formic acid, decomposed by action of 
iridium, etc., 184 

Formula of proteids, 60, 320 

FoRSTKB, J., experiments on animaJs 
with food free from ash, 114 

, proteid metabolism, 226 

, proteids in the urine, 860 

Frank, action of gastric juice and 
HCl on pathogenic organisms, 169 

Frankxl, greater rapidity of proteid 
decomposition in dogs, with dimin- 
ished supply of oxygen, 185n. 

• , effect of rarefied air, 260 

Frankland, on heat-equivalents, 69 

FR](EDiRiCQ, Liov, copper in blood of 
certain oephalopods, etc., 28 . 

—J salivary glands of octopus, 160 



Fr^di^ricq, Lbon, absence of pancreatie 

ferment in intestinal parasites, 178 

, coagulation of the blood, 238 

Frerichb, diabetes, 417 

Fret, M. von, emulsifying action of 

alkalies, 193 
, gaaes in blood from muscle, 

391 
, lactic acid in tetanised mnsole, 

397 
Frixdel, C, on oompoands of silioon, 

26 
Friedlandeb, carbonic add poisoning, 

294 
Frog, oxidation in tissues of, 266 
Fubini, cutaneous respiration, 298 
Fungi, metabolism of, 44 

, action of, on optically inactive 

lactic acid, 426 
Funke, O., perspiration, 303 
Furbringer, p., oxalic acid in the 

urine, 368 
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Gaouo, G., carbonic oxide, 276 

, oxalio acid in the urine, 369>' 

369n. 

, lactic acid in tetanized muscle, 

397 
Gahtgens, C, poisoning with arsenio 

and antimony, 409 
, proteid metabolism in diabetes, 

424 
Gall-bladder, composition of bile 

from, 212 
Gall-stones, 210 
Garrod, uric acid in gout, 333 
Gases of the blood (see Oxtosn, Gar. 

bonic acid), 254^03 
^— in the alimentary canal, 303- 

309 
Gases, interchange of, in moBcnlar 

work, 389-^391 
— , , effect of phosphoras- 

poisoning on, 408-409 
Gas-pump, 254rt. 

Gastric AVFEcnoNs, rice as diet in, 132 
Gastric glands, function of, 166 
, formation of hydrochlorio acid 

in, 160-167 
Gastric juice, 165-171 

, iron in, 97 

— , its antiseptio action, 156-160, 

169 

, variations in reactions of, 166 

artificial, action of, 187-188 
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Gastric mucous xsmbsanb, ftlkaline 

reaction of, 160 

, softening of, 172-176 

Oastric ulcek, 175 
QAfiTBO-SNTERiTXs, after poisoning with 

potassiam salts, 160 
Oaule, J., nnion of sodiam and CO, 

in the blood, 287 
Gautikk, a., BjnthesiB of zanthin, 

348 
Gavabbbt, on source of animal heat, 

88 
Gbddbs, on animals containing chloro* 

phyll, 45n. 
GiESE, effect of extirpation of liyer 

on urine of, 342-347 
Gblatin of cartilage (chondrin), 62, 

63, 68n. 

, heat-equiyalent of, 70 

Gelatins, 61-65 

-, amount in bouillon, 147-148 



-, action of gastric juice on, 155 



Gelatin-tibldino substances, 61-66 
— - as sources of kinetic energy, 

Geppbrt, gas-analysis, 254 

i effect of rarefied air, 260 

Giacosa, oxidation of aromatic com- 
pounds in the body, 279 
Glands, activity of, how explicable, 
5,108 

, epithelial cells of, 5, 108, 164, 

174 



-, Bali vary, 163-164 

-, gastric, 166, 160, 16^167 



Globttlin (crystalline), 62-^ 

, magnesia compounds of, 64^ 56- 

68 
, sodium compound of, 66 

— from pumpkin-seeds, 66 

y heat-equivalent of, 70 

Globulins, dissolved by common salt, 

121 

in serum, 260-252 

in muscle, 262 

— ia ovary, 262 

in seeds and bulbs, 63, 62, 252 

— , r(tie in the animal economy, 

252 
Glombbuli, renal, 351-362 
Gltcbbidks, neutral (sse Fats), 198 
Qltcerin, heat-equivalent of, 70 

in lecithin, 86 

in fat, 192 

, combustion of, 295 

, its synthesis with free fatty 

acids in the body, 405-407 
Gltcbbinphosfhobic AdD, 88 
QlTCERTL TRINrrRATB, 179 



Gltcin. See Gltcocoll 
Gltcochouc acid, 208, 209-210 
Gltcocoll (glycin), 63n., 208, 214 - 

, heat-equivalent of, 70 

— , constitution of, 209 

, destiny of, 281 

> concerned in formation of hip- 

puric aoid, 311-317 
, concerned in formation of urea, 

319-321 

y product of uric acid, 334-335 

^ Glycogen, 48 
— '— in liver, 220 

, formation of, 382-^85 

, its origin, 386-387 

the source of muscular energy, 

391-392 

^ amount in camivora, 411 

— in diabetes, 430 / 

Glycol (ethylene aloonol), 86 

Glycosuru, 438 

Gltcuronic acid, united with aromatic 

compounds, 281-283 
GoLDMANN, E., origin of oystin, 363 

f oxidation of cystein, 365 

GoTscHEL, Ed. ton, coagulation of the 

blood, 238 
Gout, uric acid in, 331, 333 

, treatment of, 335-336 

Gouty concbkhons, 333 

Grahak, colloids, 61 

, dissociation of bisulphate of 

potash, 165 
Granulb masses, 239 
Grapb-sugar, decomposition of, 181 
9 conversion of starch into, UK>- 

191 
— , oxidation of, 274-275 
Graphite, carbon as, 16 
Gravel, diet in cases of, 365 
Grimaux, colloid modifications of sili- 
cic acid and oxide of copper, 61-62 
— — , composition of allantoin, 337n. 
Gbohmann, W., coagulation of the 

blood, 238 
Gboth, O., ooagulation of the blood, 

288 
Gbubbr, G., digestion of starch, 190 
GsCHEiDLEN, sulphooyanic acid, 367 
GUANiDiN, composition of, 329 

, substituted, 329, 848 

GuANiN, 89, 348 

GUARANA PASTE, 146 

Gubler, lymph, etc., 252 

GuiSrin, sulphur compounds in the 

urine, 362 
Gunning, J., ansBrobio oiganisms, 263 
Gyerogai, reconversion of peptones 

into proteid, 226 
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HiEMATIN, 58-59 

in the teooea, 93, 215 

f amoant in blood, 246-249 

, iron fixed in, 102, 882 

, its relation to bile-pigment, 858- 

859, 875-376 
Hamatochbn, the precursor of hsBmo- 

globin, 102 
Hamatoidin, 876 

HiBMOOLOBIN, 24 

, crjstals of, 68 

, how formed, 92-100 

, preonrsors of, 100-103 

, amount in blood, 242, 245-250 

, its union with oxygen, 256-261 

, its function, 275-276 

, its relation to bile-pigment, 875- 

879 
in muscle, 397 

HiBMOOLOBINVBU, 378 

HiBMOBBHAGES, Urobilin in the urine 

after, 377 
Hambubobb, on absorption of inor- 

gpanio preparations of iron, 95 
, on iron in the bile, 97 
Haib, silioic acid in ash of, 26 

' , keratin in, 66 

Hallbbvobden, diabetic urine, 345 
Hammabsten, O., naclein in milk as 

nuoleo-albumen, 90n. 
, on rennet-ferment, I55n. 

, oholalio acid, 209 

f coagulation of the blood, 238 

— , lymph, etc., 253 
Hamvebbacheb, oxalic acid in urine, 

869fu 
Hammond, influence of mental work 

on metabolism, 43n. 
Hanau, a., intestinal juice, 206 
H ABLET, G., on iron in urine, 105 
Habnack, analyses of copper.com- 

pound of egg'albnmen, 59 
Havbnsb, on digestion of woody fibre, 

81 
Havgbton, influence of mental work 

on metabolism, 43n. 
Hat, spontaneous combustion of, 273 
Hatem, G., coagulation of the blood, 

240 
Heabt, action of amanitin and mus- 

oarin on the, 87 
, action of potassium salts on the, 

149-151 
Hbabt-bttbn, 171 
Heat, animal, source of, 35-38 
— produced by work, 30, 31 
— — aa Bonroe of motion, 82 



Heat in plants, 33 

in processes of decompoeitionv 

179-184 

■' in muscular work, 394-395 
, its effect on ferments, 188-189 

^—- liberated in butyric fermenta- 
tion, 398 

Hbat-equiyalbnt of gelatin, 64 

HEAT-BqmVALBNTB of food-stuffii, 68- 

71 
of sugfar, and its products of de- 
composition, 399 
Heidenhain, B., salivary glands, 153 
— , amount of HCl in gastric juioe, 

157 
, secretion of hydrochloric acid 

by certain of the gastric glands, 

166-167. 
— , orig^ of pancreatic ferment, 

ISOn. 

, fat in blood, 222 

— , reconversion of peptones into 

proteid, 232 
— , proteids in the urine, 350 
— , indigo, how eliminated from the 

body, 351 
-, pressure in bile-ducts, 881 



Hbltzl, ton, isolation of ferments, 187 

Hbnle's loops, 351 

Hennebebo, digestion of cellulose, 

192 
Henningbb, on peptones, 199 
Hensxn, y., lymph, etc., 252 

f glycogen, 382 

Hebbivoba, respiratory quotient in, 

296-297 
Hbbmann, L., decomposition of haemo- 
globin, 258 
, muscular work without oxygen, 

893 
Hebmans, perspiration, 300 
Hbbon, John, digestion of starch, 191 
Hebpbs, symbiosis in the thallna of » 

45n. 
Hxbboxtn, E. F., on bile, 207 
Hebteb, E., pyrooatechin, 276 

, carbonic acid poisoning, 294 

Hebtb, B., on peptone, 199 
Hebtwio, O., on symbiosis, 45n. 
Heubach, H., on excretion of alcohol, 

188 
Hetl, N., coagulation of the blood, 

288 
Hill, constitution of uric acid, 384 

HiPFUBIC ACID, 209 

, constitution of, 310 

, formation of, 281, 311 

, its synthesis in the animal bodj, 

812-318 
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HiPFUAic ACID in urine after vegetable 

diet, 835 
EiBSCHFBLD, on nitrogonoiiB eqnili- 

briam, 72 
E^iAsiwxTZ, deoompoBition of proteids, 

819 
HomfANN, A., blood-cells in syntbeaiB 

of hippurio acid, 317 
Hoffmann, Fjesd., ooagnlation of the 

blood, 288 
HOFFMAKK, F. A., proteids in blood, 

etc., 253 

, sugar in blood of diabetics, 419 

HoFMANN, Fbanz, absorption of pro- 

teid, 78 

, creatin in muscle, 152 

, nric acid, 832 

— ^ origin of tissne-fat from food- 
fat, 402 
-, formation of fat from proteid in 



fly-maggots, 410 
HoFMKiOTEB, Fiu, absonco of aromatic 

oomponnds in gelatin-yielding sub- 
stances, 63 
, action of pancreatic jnioe on 

gelatin-yielding substances, 195 

, fate of peptone? 227-233 

, UDTuloee in diabetes, 425 
BoNB, J., bile-acids in urine, 874n. 
Hoppb.8byleb, on lecithin, 86 

, universal pancreatic action, 178 

, decomposition of formate of 

lime by action of bacteria, 183 

f on ansorobio fermentation, 185 

, hydration in fermentative de- 

oomposition, 186 
— — , action of artificial g^tric juice, 

188 
-, decomposition of cellulose by 



baoteria, 192 
-— , intestinal juice, 206 
— , bile, 210, 212 

— , quantitative analysis of the 
blood, 243 

— , hnmoglobin, 250, 256 
— , lymph and serous transudations, 
252 

— , oxyhflsmoglobiu, 267 
— , oxygen in saliva, 265 
— , ozi&tion of hydrocarbons, 270 
-, conversion of benaol into phenol, 



271 



-, hydrogen liberated in the body, 



278 

— -, hssmoglobin not an ozygen- 
oarrier, 275 

— , struggle of proteid with CO, for 
sodium, 287 
— , state of blood after bums, 802 



Hoppe-Setleb, origin of urea, 823 

, artificial production of urobilin, 

858 

HoBBACZEWsKi, on digestion of elastin, 
67 

— , synthesis of creatin, 829 

, constitution of uric acid, 834 

HuEppE, formation of lactic and 
butyric adds by means of unor- 
ganized ferments, 170 

HOfneb, O., isolation of ferments, 187 

, effect of heat on pancreatic 

ferment, 189 

, isolation of pancreatic ferment, 

190 

, hflemoglobin, 250 

, ozyhsnnoglobin, 257 

Hundbshaobn, on lecithin, 86 

HuNTEB, John, post-mortem digestion 
of stomach, 173 

Htdbacbtuc acid (ethylene lactic 
acid), 345ii. 

Htdbation, invariable accompaniment 
of fermentative decomposition, 185- 
186 

Htdba vibidxs, its animal and vege- 
table nature, 45 

Htdbocabbons, 270, 277, 280 

Hydbochinon (ozybenzol), 280 

Htdbochlobic acid, avidity of, 162 

in g^tric jnioe, 155 

, its antiseptic action, 156-160 

y how formed, 160-164 

, not liberated in all the g^trio 

glands, 166-167 

, as a remedy in chlorosis, 104 

, as a remedy in dyspepsia, 171 

Htdbogen, circidation of, 15 

, heat-equivalent of, 69 

— as a reducing substance, 270- 
273 

— - in fermentative processes, 272 

in alimentary canal, 805, 306, 

308-309 

Htdbogen, sulphuretted, 61, 307-308 
Hypochonobiasis, oxalic acid in urine 

of, 869 
HrpozANTHiN (saroin), 89, 347-343 



Indioo, 859-360 

, how eliminated fh)m the blood, 

851 
INDOL, 68, 359-360 
Indoxyl, 278, 859-^60 
Influence of mass, 162-168, 258 
Inoboakio food-stuffs, 106-136 
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Inosit in diabetes, 421, 434n. 

IK8BCTS, oxidation in, 264 

Insects, sodium in, 138 

Internal sbnbb, not a form of motion, 
2 

aottiritj reoognised by, 7 

-, advantage of, 11 

Intestinal contents, 205 

— , urobilin in, 858 

— , indol in, 359 

, processes of redaction in, 395 

Intestinal oases, 304-309 

', their oo-effioients of absorption, 

307 

, their oomposition, 808-809 

Intestinal juice, 202 

, its functions, 208-205 

Intestinal obstkuction, urine in, 360 

Intestinal parasites, whether oxygen 
is necessary to, 895-397 

Intestine, epithelial cells of, 3-5 

, processes of digestion in the, 

178, 190-198, 202-217 

, the paths by which food leaves 

the, 218-233 

, fermentations in the, 304-^06 

Intravascular clottino, 236, 240 

Intussusception caused by absence 
of cellulose in diet, 82 

Inulin in diabetes, 421, 426 

Invertebrates, sodium in, 133 

Invbrtin, 182 

Iodine, circulation of, 27 

Iron, circulation of, 23 

in hsBmoglobin, 24^ 58, 92 

in liver, 882 

in milk, 102, 108 

in urine and f aoces, 97 

in yolk of egg, 100 

concerned in formation of chlo- 
rophyll, 24-25 

, compounds of, 92-105 

— , amount in blood, 92 

— as a remedy in chlorosis, 98, 103 
, absorption of inorganic prepa- 
rations of, 95 

. , absorption after iojeotion of 

Baits of, 98 

, action of inorganic compounds 

on alkaline sulphides in intestine, 
103-104 

, comparative amount in ash of 

milk and sucking animals, 108-109 
-, proportion at birth and during 



Jacobsen, bile-acids, 210 
JaffIE, glyouronio acid, 282 
JAFFis, elimination of nitrogen as urie 
acid in bird's urine, 341 

, urobilin, 358 
, indoxyl in urine, 360 

, origin of cystin, 363 

, hsBxnatoidin, 376 

Jaksch, E. von, peptonuria, 233. 

, alkalinity of urine, 357 

, acetonuria, 423 

JAquBT, Am on sulphur and iron in 

heemoglobin, 59 
— , on hesmoglobin, 108 

-, sulphur in hsomoglobiu, 257 



Jaundice, 369, 378-382 
Juice. See Gastric juice. Intestinal 
juice 



growth, 109-110 
Iron, oxide of, as oxygen-carrier, 23- 

24^276 

-, oolloid modification, 51 
-, crystalline form, 53 



Kaiser, results of removing stomach 

in dogs, 167 
Kant, on vital force, 1 
Kast, E., conjugated sulphuric acids 

in the urine, 361 
Keller, H., on human metabolism, 142 
Kellner, O., effect of muscular work 

on output of nitrogen, 890 
Kemmerich, potassium salts in extract 

of meat, 149 
, formation of fat from proteid,. 

412 
Keratin, 66 

KiDNBTs, functions of the, 310,849-353 
, overworked by excessive salt 

diet, 131 
, synthesis of hippurio acid in the, 

314-317 

, urea in the, 824-^25 

, extirpation of, in birds and 

snakes, 342 
— in diabetes, 419 
Kinetic energy, 30 

converted into heat, 30-31 

of sunlight, 34-35 

, organic acids and gelatin^yield- 

ing substances as sources of, 48 
Kjeldahl, diastatic ferments, 188 
Klemensiewicz, secretion of hydro- 
chloric acid by certain of the gas. 

trio glands, 166-167 
Klikowicz, influence of alcohol on 

digestion, 143 
Kluo, F., cutaneous respiration, 298 
Knieriem, W. von, keratin, 66 
-^-^ digestion of woody flbiey 81 
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Knibbirx, W. yok, amido-aoidfl, 319 
— , elimination of nitrogen as nric 

aoid in bird's urine, 841 
KoBERT, absorption of manganese salts, 

96 

1 action of theobrominoi 147 

— , action of oreatin, 152 

Koch, E., effect of heat on spores of 

certain bacteria, 189 
EocHS, W., synthesis of hippnrio aoid 

in animal body, 816 
K$HLBR, A., transfusion of blood, 240 
KoLBB, tanrin, 209 

, constitution of uric acid, 834 

KoNiG, on chemistry of food, 73 
KosSEL, on nncleins, 89n. 

, glycuronio acid, 282 

, zanthin-bodies, 847, 848 

, effect of poisoning with arsenic 

and antimony, 409 
KBAsaNiKOW, non-difPasibility of cer- 
tain ferments, 187 
Kbbtscht, F., inflaence of alcohol on 

digestion, 143 
Kbuoeb, a., snlphnr in proteid, 200, 

363 
Kbukenberg, digestion of lower ani- 

mals, 178 
KvFFKRATH, bilo-aoids, where formed, 

874 • 
KiJHNX, W., isolation of ferments, 187 
, peptonizing action of pancreatic 

joice, 195 

, albnmoses, 195n. 

, «mido-aoids, 196 

— , origin of indigo in the body, 

859 

, hsBmoglobin in mnsde, 397 

KUlz, glyonronio acid, 282 

, diabetic urine, 845, 428 

, oystin, 863 

, snlphocyanio acid, 867 

— , sngar in normal nrine, 868 

, glycogen, 882, 385 

— ^, glycogen in muscnlar work, 391 
"~~', diabetes mellitns, 417 
KuNKBL, deyelopment of heat in de. 

composition of g^rape-sngar, 182 
, nitrogen and snlphnr in bile, 

214 

, intestinal gases, 805 

-— ^, snlphnr componnds in the nrine, 

862 
KvncuEROir, oholalic add, 209 



Lactkalb, 4, 218 

Lactic acid in gastric juioe, 171n. 



Lactic acid in nrine, 844-846, 867-868 

in mnsde, 397-898 

, whether a normal prodnot of 

sugar, 422, 423 
Lactic acids, varieties of, 345n. 
Lactic termkntation, 170, 186 
Ladbnbubo, a., on compounds of sili- 
con, 26 
, HandwOrterbnch der Ghemie, 

Drechsers article on proteids in, 52 
Lato- rotatory sugar in diabetes, 

425-427 
Ljstulosx in diabetes, 421, 426-426 
Lampyris gplendidtUa, oxidation in, 

264 
Landkrer, a., transfusion of blood, 

240 
Landwbhr, on mncin, 211 
Lanohans, hsBmatoidin, 876 
Lankbster, Rat, on hsemoglobin in in- 

▼ertebrata, 98 

, hsemoglobin in muscle, 897 

Laplac^, on the source of animal heat, 

35-86 
Laschkxwitz, varnishing of skin, 301 

LATERinOT7S SEDIMENT, 833 

Latschbnberoer, whether proteid is 

absorbed as such, 224 
Latbchinofp, oholalic acid, 209 
Layoisieb on the source of animal 

heat, 35-86 
Lea, Sheridan, ferment causing alka. 

Unity of urine, 857n. 
Learbd, sulphooyanio acid, 867 
Lebedetf, whether free fatty acids are 

assimilated, 408 
Lebensbaum, on splitting up of hiemo- 

globin, 59 
Lecithin, 86-89, 91 
— , phosphoric acid in, 22 

in bile, 211 

, amount in red blood^sorpusdes, 

250 
Leeds, oxidation of beniol, 270n. 
Leguionosis, value as food, 80 
Lrhmann, formation of albumen from 

gelatin and tyrosin, 66 
, action of intestinal juioe on 

food, 203 
-^— , uric acid calculi, 866 
LUPINE, B., sulphur compounds in the 

urine, 862 
Lesnik, glycuronic acid, 282 
Leubb, W., perspiration, 803 

, alkalinity of urine, 357 

Ledchamia, elimination of uric add 

in, 840 
Leucin (amido^caproio add), 61, 196, 

819*821 
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Lbvcin-conks, 196 

LcucocTTKB, action of, 5) 

, their Hfls in excretion of iron, 

97 

1 peptone in, 280-232 

, their relhtion to ooagolation, 

237-289 
, in nnooctgolated horses' blood, 

289 

, d4br%$ of, 240 

Lbtdio, intestinal respiration in fishes, 

304 
LibbsbkOhn's glands, secretion of, 

202,206-207 
LiBBBBMBisTBB, inflaonoe of mental 

work on metabolism, 48fi.. 

, on therapeatio statistics, 93t». 

LiBBio, agrionltnral chemistry, 14n. 

, classification of food-stuffs, 71 

, condition of oxygen in the blood, 

256 

, area in meat-jnice, 328 

, constitution of nrio acid, 334 

, allantoin, 336 

-, proteids the source of moscnlar 



energy, 388 
LiBBBBiCH, on neorin, 87 
LiFB, mystery of, 7 
Light, sonroe of motion, 32 
, proportion of oxygen liberated 

by plants exposed to, 33-34 
Limb, formate of, its decomposition, 

183-184 
Limb, salts of, 111-112 

in extract of meat, 149 

LiMBSTONB, 18, 133 

Lindbebgbb, Y^ antiseptic properties 

of biie, 217 
LivBti, iron in, 110 

, bile pTodnced by, 207 

, regulation of sugar in blood by, 

220 



1 synthetic processes in the, 314 

, urea in the, 326 

, effects of its extirpation on the 

formation of uric acid, 343 

, metabolism in the, 871-387 

"^ — , functions of the, 371-375, 382 

, glyoo^gen in the, 383-387 

in diabetes, 430 

Livbb, diseases of the, lactic acid 
present in urine, 346, d45n., 367-368 

"Lnrmo PBmciPliB," hindering self- 
digestion of stomach, 178 

LivoN, C, alkalinity of urine, 367 

LoBxscH, W., cystin, 366 

LoBW, silrer-oompounds of egg-alba* 
men, 60 

, properties of ferments, 187 



LOHBEB, antecedents of urea, 321 
Lowrr, M., coagulation of the blood, 

240 
LuBATiN, nuclein in milk, 90n. 
LucA, DE, analyses of floid secreted by 

molluscs, 159 
LucHSiNGXB, B., giyoogen, 884 

, fate of glycerin in the body, 406 
LuDWiG, C, salivary gbnds, 158 

• , fnnctiotts of stomach, 167-169 

, the paths of absorption, 218 

, proteid metabolism, 225 

, gases in blood from muscle, 391 

LuNos, elimination of GO, by the, 

289-291 

, extent of surface, 292 

, amount of GO, given off by the, 

299 
LuNiN, N., on the value of inorganic 

salts in nutrition, 116 
LuTBiN, in serum, 250 
Ltmfh, nutrition of mammary glands 

derived from, 107 
— , coagulation of, 235, 287 

, composition of, 252 

Ltmph-cblls, peptone in, 230-232 
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Mach, W. vox, uric acid, where 
formed, 341 

Maggots, fat formed from proteid in^ 
410 

Magnbsia-compounds of globulin, 54, 
56-58 

Magnssium, circulation of, 28 

Magnus, combustion of oxygen, 261 

Maixneb, G., peptonuria, 233 

Malpighian bodies, 351-352 

Maltose, heat-equivalents of, 70 

, 161, 191 

Malt, R., absorption of caffeine, 146 

, analysis of fluid secreted br 

Dolium galea, 160 

, displacement of strong by weak 

acids, 163 

, absorption of heat in decomposi- 
tion of starch by ferments, 183 

, isolation of ferments, 187 

, peptone, 199 

, bile-pigments, 210 

antiseptic properties of bile. 



217 



-, decomposition of proteids, 319 

-, uric acid, 334 

-, artificial production of urobilin^ 



858 
Mammabt gland, 5, 108, 110 



INDEX. 



457 



Manoancss, ciroulation of, 28 

Baits, abBorption of, 96, 98 

Mannitb in diabetes, 421 
Mantbgazza, origin of fibrin, 237 
Mabcbt, emalsifjiBg action of alkalies, 

193 
Mabch^, E., glycogen in mosoular 

work, 391 
Habl, 18 

Marshall, J., ozyboBmoglobin, 257 
Mabsh-oas in tbe intestine, 192, 297, 

305,308 
Mabtxnotti, extirpation of pancreas, 

428 
Maschkk, on crystalline proteid, 64 
Mass, inflaence of, 162-163, 258 
Materialism, 12 
Mat SB, Aug., excretion of iron after 

its injection, 98 
Matsb^ B., softening of stomaob before 

death, 173 
Mkapb Smith, B., absorption in 

stomach of f rog^, 176 
Meat, yalne as food, 76-77 
, extract of, value as food, 147- 

152 
Mbchakical -wobk, 30-31, 33, 35 
Mbchanism as an explanation of vital 

phenomena, 1-13 
Medicub, L., oonstitation of uric acid, 
' 334 
Meissl, formation of fat from car- 

bohydrates, 413 
Meissnbr, G., on excretion of oreatin 

and creatinin, 148 

, albnmoses, etc., 195w. 

, behaviour of creatin in the body, 

328 

, uric acid in birds, 347 

, excretion of uric acid, 351 

-, thiosulphurio acid in the urine, 
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Mental 'wobk, its influence on meta- 
bolism, 42-43 

Mering, J. VON, on syntonin, 63n. 
-, acids in the stomach, 171 



— , digestion of starch, 190 

— , colloid carbohydrates in portal 

blood, 191 

the paths of absorption, 218, 
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, glycuronic acid, 282 

, origin of glycogen, 886 

, oxidation in diabetes, 421 

— -, diabetes after extirpation of 

pancreas, 428 
— , liver in diabetes, 480 
Mesittlene, 280 
Mesitylbnic acid, 280 



Metabolism, influence of mental work 
on, 42-48 
, effect of alcohol upon, 142, 143 

in tbe liver, 371-387 

in muscle, 388-399 

in pbosphoros-poisoning, 408- 
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of proteid, 225-226 
of salmon, 91 



Metabolism, nitrogenous products of, 

310-348 

, , elimination of, 108, 113 

Metallic salts, 163 
Methyl, 145, 146 
Mbthylglycocoll (sarcosin), 329 
Meyeb, Adolf, agricultural chemis- 
try, 14n. 

, chlorophyll-granules, 45n. 

Meyeb, G., on absorption of proteid, 

78 
Meyeb, Hans, behaviour of phos- 
phorus in the body, 276 

, glycuronic acid, 281 

, elimination of nitrogen as uric 

acid in bird's urine, 341 
Meyeb, L., gases of tbe blood, 256 
, explanation of influence of mass, 

258 
Mibscheb, metabolism of salmon, 90 
, isolation of nudein of yolk of 

egg, lOln. 
, increase of globulin in blood of 

salmon, 251 

, respiration, 294 

Milk, secretion of, 107, 108 
, absence of fluorine in, 27 

, lecithin in, 89 

, nucleins in, 90 

— , oholesterin in, 91 

, iron in, 102, 109, 112 

— — , inorganic salts in, 106-109, 111- 

118 

, Hme in, 111-112 

Millon's reaction, 63n. 

Mills, Wesley, oxalic acid in the 

urine, 368 
Mineral acids, in secretion of molluscs, 

158-160 
— -, how liberated from glandular 

tissue, 160-165 
Minimum, law of the, 22, 27 
Minkowski, O., ubc of stomach-pump 

as a means of diagnosis, 171 

, uric acid, where formed, 341 

f diabetic urine, 345, 423 

— , bile acids, where formed, 375 
■, hsBmatogenous jaundice, 378 
- , synthesis of fatty acids with 

glycerin in the body, 405n. 



458 



INDEX. 



Minkowski, diabetes after extirpation 
of pancreas, 428 

llu^UEL, strength of HCl required to 
prevent putrefaction, 157 

HuBius, excretion of bile-pigment in 
kidneys, 351 

MoDDERiCANN, Oxalates, how dissolved, 
870 

Mgbbs, lactic CMjid in nrine of osteo- 
malacia, 368 

Molluscs, floid secreted by, 159-^160 

MONOCHLORACBTIC ACID, 310 

MoNOTBOFA, metabolism of, 45 
Motion, forms of, 1-2 

, force the cause of, 29 

, latent, {see Potential xnebgy, 

29 

, light and heat scarce of, 3;2 

, relation of psychical processes 

to, 38, 41-43 
Mucin (of bile), 211 
Mucous MEMBKANX of stomach, alka. 

line reaction of, 160 
^— , action of, 160 

, softening of, 172-176 

MUlleb, Fb., on bile, 215 

MuLLXR, JoH., on physiology of sight, 

2n. 
, on the specific energy of the 

senses, 12 

, coagulation of the blood, 237 

MtiLLEB, W., partial pressure of oxygen, 

260 
— , carbonic acid poisoning, 294 
MuNK, liCM., influence of alcohol on 

excretion of nitrogen, 142 

 , snlphocyanio acid, 367 
— — , assimilation of free fatty acids, 

404 
MuKTZ, formation of saltpetre, 273 
MuBisiBB, action of artificial g^tric 

juice, 188 

MUSCABIN, 87 

MtLscida vomitoria, fat formed from 
proteid in, 410 

Muscle, its functions, how far explic- 
able, 6 

Muscles, potassium in, 107 

, action of creatin on, 148, 151- 

152 

, skeletal, loss of weight in star* 

vation, 251 

, as storehouses for proteids, 252 

— , creatin in, 327-328 

, glycogen in, 383-384 

MuscuLAB OONTBACTION, cause of, 88, 
41 

MuBCULAB ENERGY, proteid the source 
of, 388-389, 392, 393 



Muscular energy, carbohydrates the 

source of, 48, 391-392 

, fat the source of, 392-^93 

, whether due to decomposition 

without oxidation of food-stuffs, 

393-399 
Muscular rigidity after death, 58 
MuscuLUs, digestion of starch, 190 
— , glycuronic acid, 282 

■, ferment causing alkalinity of 

nriue, 357n. J 

Mybonic acid, 165 

N 

NX GELT, digestion of starch, 190 
Nails, keratin in, 66 
Narcotics, 137, 141 
Nascent oxygen, 269-271 
Nasse, digestion of starch, 190 

* glycogen, 382, 383 

Naunyn, benzol, 271 

, behaviour of aromatic com. 
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— , elimination of uric acid 
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— , bile acids, where formed, 375 
— , hsdmatog^nous jaundice, 378 
-, origin of glycogen, 385 
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Nencki, on fermentation in absence 

of oxygen, 185 
, hydration accompanying fermen* 

tative decomposition, 186 

, hsamoglobin, 250 

, ansdrobio organisms, 263 

, oxidation of food-stuffs, 268 

— , oxidation of benzol, 270 

y oxidation of aromatic com. 

pounds, 279 
, decomposition of proteids, 319 
, origin of indigo in the body. 
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malacia, 368 
-, oxidation in diabetes, 421 



Nerve, its functions, how fur explic. 

able, 6 
Nervous system, its influence on 

secretion of urine, 352 

, on function of liver, 371 

Neubaubk', G.» oxaluiic acid in human 

nrine, 338 

, xanthin in urine, 348 

, oxalates how dissolved, 370 
Neumeister, R., fate of proteids in the 

body, 350 
Nbubin, 86-88 
Neutral fats, 193, 408 
Neutral glycebides, 198, 404 
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Netttbal uratv, 330 

NiCATi, on comma baoillns, 169-170 

Niemann, E., cystin, 365 

Nitric acid, a soarce of nitrogen, 19 

Nitric oxide as oxygen-oarrier, 274 

Nitrogen, ciroalation of, 19-21 

— , in what forms eliminated from 

the body, 71 
— , amount in food, 76 

in bile, 208, 214 

in the blood, 254 

in alimentary canal, 304> 307-309 

— in nrea, 318 

Nitrogen, excretion of, effect of aloohol 

on, 142-143 
, excretion of, effeot of mnfloolar 

work on, 389--390 

excretion of, effect of phos- 



phoms-poisoniDg on, 409 

NiTRooENons squiLiBRicM, 65, 79, 225, 
404 

Nitrogenous food, comparison of heat- 
equivalents in the body and in 
calorimeter, 70-71 

, relation of leucocytes to its ab- 
sorption, 231 

Nitrogenous products of metabolism, 
310-348 

^ elimination of, 108, 113 

Nitrogen tsriodide, 180 

Nitrogen trichloride, 180 

NlTROOLTCERIN, 179 

Nitrous acid, a source of nitrogen, 19 

NoN-NITROOENOUS FOOD, 70 

Nothnagel, lactic and butyric fer- 
mentation, 170 

Nuclei of cells, xanthin-bodies in, 347- 
348 

NucLEiN of yolk of egg (hssmatogen), 
101-102 

NucLEiNS, 89-91 

f phosphoric acid in, 22 

— , in red blood-corpuscles, 250 

NucLEOALBUMSN, irou in yolk of egg 
as a, 101 

NUCLEOALBUKENS, 90 

NussBAUM, elimination of CO, by the 

lungs, 290 
Nutrition, action of cells in, 3-6 
, potential energy of, 34, 41, 261- 

262 
Nutrition («m Food), 47 



Obbsttt, 414-416 

Oertjt ANN, oxidation in the tissues, 266 
Ogata, M., influence of aloohol on di- 
gestion, 143 



Ogata, fnnotiona of stomach, 167-169 
, decomposition of fats in stomach, 

192 
Oleic acid, 86, 192, 407 
Organic acids, as sources of kinetio 

energy, 48 

, avidity of, 162 

Organic food-stuffs, 50-105 
Organized ferments, 185-189 
Organs of sense, action of food on, 

136. 
Obthonttrotoluol, 282 
Osmosis, not an explanation of vital 

processes, 3-5 
Osteomalacia, lactic add in urine of^ 

367-368 
O* Sullivan, digestion of starch, 190 
Ova, lecithin and nuclein in, 91 
— , globulins in, 252 
Ovary in salmon, 91, 251 
Ovum, development from, 5-6 
Oxalates forming calculi, 369-870 
Oxalic acid, 61 

, heat-equivalent of, 70 

, oxidation of, 275, 276 

, its behaviour in the body, 277 

, its relation to phenol, 278-279 

, in the urine, 368-370 

OXALURIA, 369 
OXALUBIC ACID, 338 

OxALTLURKA (parabanicacid),337, 33S 
Oxidation, animal life a process of, 

43-44 
, source of kinetio energy in vital 

functions, 185 

, its seat in the body, 261-267 

of food-stuiffs in the body, 267- 
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of indol in the body, 359 

in diabetes, 421 

Oxide of copper, colloid modification 

of, 51, 52 
— , oxygen-carrier, 274 
Oxide of iron, as oxygen-carrier, 23- 
24,276 

, colloid modiBcation, 51 

, crystalline form, as specular iron 

ore, 53 
OXTBENZOL (hydroohinon), 280 
Oxybuttric acid in diabetes, 423-425, 

434 
OXTOEN-CARRIERS, 23-24, 28, 274-27& 
OXTOBN, drcnlation of, 1&-19 

, proportion of, to light, 33-34 

, proportion of inspired to car- 

bonio acid exhaled, 86^8, 254-279 
— as a food*stuff, 48 
— , infiuenoe of aloohol on absorp- 
tion of, 143 
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OxTOBN, its behayiour in the prooesset 

of respiration, 255-288 
, amoant in blood, 256, 259 
, its componnd with hemoglobin, 

256-260 

— , partial pressnre of, 258-261 
1 where cousumed in the body, 

261-267 
— , effect of mascnlar work on its 
absorption, 389-891 

, amount consnmed by different 
animals, 394r-396 

— in alimentary canal, 804^ 807- 
809 

OXYHAMOOLOBIN, 24, 48-49 

, amoant in red blood-corpuscles, 
250 

 , its oolonr, 257 

, dissociation by heat, 258 

, advantages of, 259 

> its action on sodinm carbonate, 

289 
OzoNB, 268-271 



Facanowsei, peptonnriay 238 

Palladium-htdbogen, its action on 
oxygen, 271 

Palmftic Acm, 86, 192 

Pancebi, analyses of flaid secreted by 
molluscs, 159 

Pancreas, 178, 195 

, effects of extirpation of the, 428 

Panceeatic juice, 178, 189-201 

, its action on carbohydrates, 190 

, its action on fats, 192 

, its action on proteids, 194r-201 

Panttm, on diet, 81 

, origin of Ulcus ventricuUf 175 

Parabanic acid (oxalylnrea), 387, 838 

Paraolobulin, heat-equiyalent of, 69 

f amoant in blood, 246-249 

Para nut, crystalloids of, 54 

Parapeftone, 195n. 

Parasites, metabolism of, 44-46 

, intestinal, 203, 895-897 

Parses, influence of alcohol on excre- 
tion of nitrogen, 142 

Parotid, 208 

Partial pressure of carbonic acid in 
the blood, 284^294 

in the tissues, 292-294 

Partial pressure of nitrogen in the 
intestine, 804-805 

Partial pressure of oxygen, affinity 
increased with, 268 

— , its effect on reepiratioaEi, 269-261 



Pascuutin, experiments to isolate three 

pancreatic ferments, 190n'. 
, influence of blood-pressure on 

secretion of urine, 352 
Pasteur, on anerobio fermentation, 

185 
Pathological transudations, oompo- 

sition of, 252-258 
Paton, inflaenoe of mental work on 

metabolism, 48n. 
Pavt, F. W., immunity enjoyed by the 

stomach, etc., 173 

, diabetes, 417 

Paten, digestion of starchy 190 
Penzoldt, elimination of uric acid in 

leuchsdmia, 840 
Pepsin, 155, 166-167, 171, 187 

, effect of heat on, 188-189 

Peptones, 155, 195-201, 228-283 

, formation from proteids, 197 

, different forms of, 199 

, their reconversion into proteid, 

226-280 
, fate of unchanged portion, 230- 

282 
Peptonuria, 227, 233 
Pericardial fluid, how coagulable, 240 
PsRiTONrns, purulent, 238 
Perls, M., on creatin in muBcle» 152 
Perspirabile rbtentum, 299-^3 
Perspiration, products of, 299-301 

, its use, 803 

PetteNkofbr, elimination of nitrogen, 

254 
, on respiration, 296 
, effect of muscular work on out- 
put of nitrogen, 890 

origin of tissue-fat from food- 



fat, 408 

— , formation of fat from proteid in 
mammals, 410 

— , dig^tion of fat in diabetes, 420 
-, interchange of gases in diabetes. 
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Pfefper, oxidation of oxalic add, 275 
Pfluger, gas.pump, 254 

, oxygen in dogf^s blood, 266 

, oxidation in the blood, 262 

, seat of oxidation in the body, 

263 
, illuminating power of animals, 

264 

, oxygen in saliva, 266 

-, partial pressnre of GO, in the 



blood, 285 

, GOt in the blood, 289 

, f rogps living without oxygen, 396 

Phenol, conversion of benzol into, 

270-271 
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Phknol, its behaviour in tlie hodj, 

277, 278, 282 
, oxidation of, 278 

PHXNOL.POTSONING, 861 
PhENOLSULPHATE of POTASSIXJIC, 277 

PhxnombnAi vital, mechanical expla- 
nation of, 1-13 

— , psjohologioal explanation of, 7- 
8 

Phknylacxtto acid, 280 

Phbntlpsofionic acid, 280 

Phloridzin dubitks, 886 

Phosphates of the alkalies, absorption 
of C0| in the blood by, 288 

— -, nrio acid dissolyed by, 882 

Phosphoric acid, amonnt in soil, 22 

in the blood, its behaviour to- 
wards COi, 286-289 

Phosphorus, circulation of, 22 

, oompounds of, 86-91 

, amount in nuoleins, 89 

, slow oxidation of, 269-270 

, its behaviour in the body, 276 

Phosphorus-poisoning, its resem- 
blance to alcohol, 143 

, lactic acid in urine, 845, 845i»., 

867-368 

— , fat formed from proteid in, 408- 
409 

Pigments, their rejection by epithelial 
cells, 4-5 

of bile, 210, 361, 374, 375-882 

of urine, 357-360 

Pinnipedu, 154 

Placenta, entrance of iron through 
the, 110 

Planarle, their animal and vegetable 
nature, 45 

Planer, oxygen in the intestine, 304 

Plants, action of sunlight on, 33-35 

, contrasts between animals and, 

43-46 

, maintenance of balance of car- 
bonic acid and oxygen by, 16, 19 

, potential energy of, 33 

, alumina in, 28 

-, globulins in seeds and roots of, 
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, hydrogen in, 15 

f iron in, 24-25 

, nitrogen in, 20 

, oxygen in, 16 

— , phosphoric acid in, 22 
—- silicic acid in, 25-26 
— , sulphur in, 21 
Plasma of the blood, 234, 238-239 

, composition of, 241, 247-249 

Plateau, universal pancreatic action, 
178 



Plosz, reconversion of peptones into 

proteid, 226 
Pneumonia, croupous, 233 
PoEHL, A^ nature of peptones, 201 
PoHL, J., relation of leucocytes to pro- 
teid food, 231 
Poisoning. See Antimony, Arsenic, 

AND Phosphorus-poisoning 
— , symptoms of, after injection of 

iron salts, 99 
PopovF, deoomposition of formate of 

lime, 183 
Potassium, circulation of, 23 
— ^ in muscles, 107 
combined with GO, in the blood, 

285-286 
Potassium salts in vegetable food, 

need for salt caused by, 119-121 

, amount in food, 127-182 

, its distribution on the globe, 

132-138 

in bouillon, 149-151 

Potatoes, value as food, 79 

, potassium salts in, 121 

, their eEFect on the urine, 355 

Potential energy, 29-31 

of plants, 33-34 

of nutrition, 84, 41, 261-262 

Polyuria in diabetes, 433-434 
Pressure, atmospheric, its relation to 

oxygen in the blood, 260 
— , relation of CO, pressure 

in the blood to, 284-285, 287, 291, 

293 
Pressure. See Partial pressure 
Prbusse, oxidation of benxol, 271 

, C, cresol, 276 

, C, origin of cyst in, 363 

Prbyer, action of digestive glands in 

the embryo, 214 

f oxygen in blood of herbivora, 256 

, decomposition of oxyhssmo- 

globin, 258 
, W., action of oxyheemoglobin 

on sodium carbonate, 289 
Prior, action of quinine on uric acid, 

341 
Propane (marsh-gas), 398 
Pbopbptone, 195n. 
propylbenzol, 280 
Proteid metabolism, 225-226 

— , in diabetes, 424 

Pboteid-molecule, sulphur in, 21, 22 
Proteids, 50-61 

, their composition, 50 

, colloid properties of, 50-52 

, coagulation of, 52-53 

, molecular weight of, 54-55, 57 
, crystallisation o^ 53-59 
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Protuds, foramlsd of, 60, 820 

y prodnotfl of deoomposition of, 

61, 319, 320 

, relation to gelatins, 61-65 

— , amount required, 72 
, amount in tissues, 78 

f amount in food, 74r-77 

f action of gastric juioe on, 155 

, action of pancreatic juice on, 
19^200 

, action of intestinal juice on, 208 

, action of bile on, 214, 216 

, absorption of, 77-78, 228 

-k whether peptonized before ab- 



sorption, 223-227 
— , reconversion of peptone into, 
228—282 

— in blood, 234, 242-243, 245-252 

— in lymph, 252-253 

— in urine, 850 

— , its struggles with COj for sodium, 
286-289 

— , respiratory quotient in combus- 
tion of, 294-296 
-, relation to conjugated sulphuric 



acids, 860, 862-868, 366 

* glycogen formed from, 885-886 

, the source of muscular energy, 

888-889, 892, 898 
— , fat of tissues formed from, 408- 

412 • 
Pbotoplasx, incorporation of fat with, 

8 

, psychical processes in, 8-9 

PsTCHiCAL PROCESSXS in protoplasm, 

8-9 
Psychical fbockssss, their relation 

to conservation of energy, 88, 41- 

48 

PsTCHOLOOtCAL EXPLANATION of vital 

phenomena, 7-8 

PsTCHOLOOT not an exact science, 12 

Pumpkin-seeds, crystalloids of, 56 

Putrefaction, 156-159 

in absence of bile, 215, 217 

Ptelitis, 233 

Pylorus, alkaline secretion of, 166 

, carcinoma of, 171n. 

Ptrocatechin (dioxy benzol), its be- 
haviour in the body, 276-277, 280 

Pyrogallol, oxidation of, 268, 270 
-, its behaviour in the body, 276, 
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Quinces, intestinal juioe, 202 

, bile-pigment in the blood, 377 

, hssmatogenous jaundice, 378 

Quinine, its action on oelLs, 817 

, its effect on formation of urio 

acid, 341 
Quotient, respiratory, 294-297 



Sabenowttsch, oxidation of benzalde- 

hyde, 270 
Radziszewskt, S., phosphoresenoe in 

animals, 264, 273 
, amido-acids, 819 

, origin of indigo in the body, 859 

Ranke, H., on diet, 80 

, proportion of urio acid to urea 

in leuchsBmia, 340 
Bauschenbach, Fr^ coagulation of the 

blood, 288 
Reaction, acid, of gastric juioe, 155 
in upper portion of small intes- 

tine, 205, 217 
Reaction, alkaline, of gastric muoous 

membrane, 160 

of pyloric secretion, 166 

— — of gastric juice under pathologic 

cal conditions, 170 

— of intestinal secretions, 178 
Reaction, Millon's, 68n. 
Reactions of intestinal contents, 205- 

206 
Rechenbero, on heat-equivalents, 69 
Recklinohausen, bile-pigment in the 

blood, 877 
Reduced hemoglobin, 24 
Reducing substances, 262-263 

in the blood of asphyxiated 

animals, 267 

in the tissues, 271-273 



QuEVENNE, lymph, etc., 252 
'Quincke, absorption of iron after its 
injection, 98 



Reduction, processes of, in the intes- 
tinal contents, 896 

, vegetable life a process of, 43- 

44 

Rbgnault, on respiration, 296 

Reiset, J., elimination of nitrogen, 254 

, respiration, 296 

Renal disease, after injection of iron 
salts, 99 

, rice as diet in, 132 

Renal secretion, 849 

Renal tubules, 849-851 

Rennet ferment, 155n. 

Respiration, internal and external, 
255 

, behaviour of oxygen in, 256- 

283 
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Bbspibatiok, bebationr of carbonic 

acid in, 284-297 

, oataneous, 297-303 

, effect of partial pressnre of 

oxygen on, 259-261 
, effect of high tension of CO, on, 

294. 
Rbspisatort dioturbancks, elimina. 

tion of uric acid in, 339 
&B8PI&ATOBT BXCHAN0B8 in mnscnlar 

work, 389-391 
— , effects of phosphoros^poisoning 

on, 408-409 
Bkspiratort quoTiENT, 294-297 
Betina, image on, 6 
Bheumatism, action of skin in, 301~ 

802 
Bbizopods, method of taking up food, 

3 
BicB, potassium salts in, 127, 131^ 

132 

BiCKBTfl, 112 

BuEDBR, on elimination of nitrogen 

after non-nitrogenons food, 77 
B1B68, L., influence of alcohol on meta- 
boUsm, 142 

, elimination of uric acid after 
Tenesections, 839 

, lactic acid in urine, 345 

RirracR, on comma bacillus, 169-170 
BiTTHAUSRN, on crystalline proteid, 57 
BoBiN, hnmatoidin, 876 
BocK-CRTSTAL, sllicic aoid as, 58 
BoiiMANN, F., on absence of chlorides 
from urine, 108n. 

, on bile, 216 

Rob BIO, A., the paths of absorption, 

218 
BossNfBLD, G., origin of aceton in 

diabetes, 428 
B08SBACH, H., origin of aceton, eta, 

in diabetes, 428 
BuBNBB, on heat-equivalents, 69 

, absorption of proteid, 77 

, butyric fermentation, 805 

, differences between warm and 

cold blooded animals, 396n. 
, formation of fat from carbohy- 
drates, 414 
BvBT, alumina as, 58 

S 

'SaCHarjin, sodium in blood, 244 
Sachs, on silicic acid in plants, 26 
Sachsbndahl, ooagulation of the 

blood, 288 
Sairowskt, effect of poisoning with 

arsenic and antimony, 469 



Saliva, the, 153-154 

, oxygen in, 265 

, solphooyanates in, 367 

Salivary glands, 158-154 

of molluscs and of octopus, 158- 

160,164 
— -, sulphooyanio aoid formed in 

3ef7 
Salkowski, E., effect of heat on certain 

ferments, 189 
on taurin, 214 
-, oxidation of food-stuffs, 268 

— , ethylsulphurio acid, 278 

— , hippuric acid, 812 

— , amido acids, 319 

— , origin of urea, 323 

— , uric acid, 334 

— , allantoin, where found, 337 

— , indol, 359 

— -, sulphur compounds in the urine, 

362 

: — f fate of taurin in the body, 366 
-, haomatoidin, 876 



Salmon, metabolism of, 91 

, increase of globulin in propor- 
tion to growth of ovary in, 251 

Salomon, synthesis of hippuric acid, 
318 

Salt, common, 118-135 

, its importance in the organism, 

121 

Saltpbtrb, formation of, 272-273 

Salts, inorganic, 106-135 

, amount required by infant, 106 

 , comparative amount in ash of 
milk and of sucking animals, 107- 
110 

amount in articles of diet> 
111 
*, amount required by adults, 118- 
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Salts, metallio, 168 
Salts of iron. See Ibon 

of Ume, 111-112 

 of manganese, 96, 98 

of potaasiam. See Potassium 

Salviou, O., fate of peptone, 229 

, proteids in blood of starving 

animals, 251 
— , proteids in blood, etc., 258 
Samson-Himmblstjerna, E. von, co- 
agulation of the blood, 288 
Samson-Himmblstjerna, J. von, coa* 

golation of the blood, 288 
Sandstone, silicic acid as, 17 
Sarcin (hypoxanthin), 847-848 
Sarcolactic acid, 345-846nr., 39^ 

in diabetes, 487 
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ScHAFFSB, oonjagated snlphnrio aoida 

in urine, 279 
ScHABLiNo, interchange of gases in 

mnscalar work, 891 
ScmBRBB, composition of lymph, etc., 

252 
ScHKUBB, B., uric acid, 833 
ScHiFF, glycogen in hibernating mam- 
mals, 885 
ScHLusiNO, formation of saltpetre, 273 
Schmidt, A., isolation of ferments, 187 

, effect of heat on pepsin, 189 

, coagulation of the blood, 238 

-, gas-pnmp, 254 

, seat of oxidation in body, 262 

, CO, in the blood, 289 

1 on rennet ferment, 155 

ScHMOT, AuG^ on ezcretioxi of alcohol, 

138 
Schmidt, C, amoont of iron in blood, 

92 
— , absorption of iron, 97 
^— , saUva, 158 
, the hydrochloric acid in gastric 

juice, 155 
, amount of HCl in g^tric juice 

of dog, 157 
, analysis of ash of pancreatic 

juice, 194 

, biliary fistulas, 207 

— , sodium in blood, 244 

, starvation, 251 

-, composition of lymph, etc., 252 

Schmidt- MuLHBiM, albumoses, etc., 

196 

, acidity of intestinal contents, 

207«. 

, the paths of absorption, 218, 

223 



, conyersion of proteid into pep- 
tones, 226 

ScHMiEDEBEBO, O., ou Crystalline com- 
pounds of proteid, 54 

, on amanitin and muscarin, 87 

, on paralyzing action of alcohol, 

139 

— , oxidation of food-stuffs, 268 

— , glycuronic acid, 281 

, synthesis of hippuric acid in 

animal body, 313 

, thiosulphoric acid in urine, 367 

ScHNEiDEK, B., on absorptiou of 
caffeine, 146 

ScHOFFKB, A., isolation of ferments, 
187 

, amount of carbonic acid in the 

blood, 284 

ScHONBKiN, on formation of nitrite of 
ammonia by evaporation, 20 



ScHONBEiN, ozone, 268 

ScHOTTEN, behayiour of amido-acids in 
the body, 279 

ScHOUMOFP, on action of alcohol, 143, 

Schroder, W. ton, uric acid in birds, 
341, 847 

, urea where formed, 824 

, influence of nenrous system on 

renal secretion, 352 

Schultzs, H., on Lampyris splendi- 
duUi,264, 

, effect of heat on blood-cor- 
puscles, 302 

ScHiniTZEN, O., benzol, 271 

, behayiour of aromatic com- 
pounds in animal body, 280 

, amido acids precursors of urea, 
320 
■> , the urine in leuchsemia, 340 

, lactic acid in urine, 346 

 , oxalic acid in urine, 368 
', metabolic processes in diabetes, 
421 

ScHULZE, B., formation of fat from 
carbohydrates, 412 

ScHULZE, E., digestion of starch, 190 

— , decomposition of proteida, 319 

ScHUNCK, £., oxaluric acid in human 
urine, 388 

ScHiJTZ, £., influence of alcohol on 
digestion, 143 

ScHUTZENBEROER, decomposition of 
proteids, 319 

ScHDTZKWER, On absorption of caffeine, 
146 

Schwann, biliary fistulaB, 207 

, functions of bile, 216 

ScHWARZEB, digestion of starch, 190 

ScHWENDENER, OU symbiosis in thallus 
of herpes, 46n. 

Scrofula, oxalic acid in urine of, 369 

SczELKOW, oxygen in blood of herbi- 
Yora, 256 

, amount of carbonic acid in the 

blood, 284 

, gases in blood from muscle, 391 

Secretion, processes of, how ex- 
plicable, 5 

of mUk, 107, 108 

digestive, importance of salt in. 
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-, renal, 349 



Secretions, digestive. See Saliva, 
Gastric juice. Pancreatic jvics, 
Intestinal juice. Bile 
Sediment, uric acid, 331, 833 
Seegen, J., diabetes mellitus, 417 
SBLF-DiaBsnoN of stomach, 172-175 
SsMMxa, O., granule masses, 239 
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Sbnatob, ▼amishing of skin, 301 

, poisoning by snlphuretted hydro- . 

gen, 307 

, elimination of nrio acid in re- 
spirafcorj distarbanoes, 339 

Sensation, form of motion, 2 

f cause of, 38, 41 

Sense, internal, not a form of motion, 
2 

— , , activity recognized by, 7 

f , advantage of, 11 

Senses, energy of the, 12 

, action of food on, 136 

, stimulation of, its relation to 
sensations, 41-42 

Sebxtm of blood, 234 

, coagolation brought about by, 

240 

, composition of, 243-246, 249, 

250 

, methods of separating red cor- 
puscles from, 241-242 

, proportion of corpuscles to, 

242-245 

, composition of ash of, 286 

Sebum-albumen, 52 

Sebum-globulin, 52 

Setschenow, CO, in the blood, 289 

Siebeb, N., on strength of HCl re- 
quired to prevent putrefaction, 
156 

-^— , hasmoglobin, 250 

, oxidation of food-stuffs, 268 

, oxidation of benzol, 270 

, oxidation in diabetes, 421 

Silicic acid, circulation of, 25-27 

i -, its struggle with carbonic acid, 

17-18, 132 

, its importance in development 
of hairs and feathers, 26 

— , colloid form, 51 

, orystnlline modification as rock- 
crystal, 53 

Silicon (get Silicic acid), 25-27 

SiLVSB-€OMP0UND8 of egg-albumoD, 60 

Simanowski, on action of alcohol, 143 

Simon, Th., lactic acid in urine of 
trichinosis, 368 

SiNAPIN, 87 

Skin, respiration by the, 297-303 
, amount of 00, given out by, 

298 
Sleyoot, F., coagulation of the blood, 

288 
Smith, Ed., respiratory exchange in 

muscular w6rk, 891 
Soaps, their r6le in digestion, 193- 

194 
in bile, 211 



Soaps in chyle, after diet of free fatty 

acids, 405 
Sodium, circulation of, 23 
1 loss of, after vegetable food, 120, 

121 
, its decrease during growth of 

organism, 134 

, amount in food, 127-130 

-, its distribution on the globe, 132- 
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— combined with carbonic acid in 
the blood, 285-289 

— in blood, 244-240 
in cartilajre, 107, 134 



Sodium cabbonate in blood, 160, 164, 
288 

Sodium chlobide, formation of hydro- 
chloric acid from, 160-164 

SoDiUM-coMPouND of globulin, 55 

Soluble stabch, 191 

Solutions, apparent. See Oolloids 

SoBET, ozone, 268 

SozHLET, F., formation of fat from 
carbohydrates, 412 

Space, its relation to consciousness, 2 
, ideas of, how caused, 2n. 

Spallanzani, antiseptic action of gas- 
tric juice, 158 

, cutaneous respiration, 297 

Specific OBAViTt of blood, 247-249 

Speck, 0., influence of mental work 
on metabolism, 4dn. 

, interchange of gases in muscular 
work, 391 

Spbculab ibon obe, oxide of iron as, 
53 

Spebmatozoon, hereditary transmis- 
sion through, 10 

Spibo, p., nitrogen and sulphur in 
bile, 214 

, lactic acid in tetanized muscle, 

897 

Spleen, uric acid in the, 340 

Splenic feveb, bacfieria of^ 169, 189 

Stadeleb, bile-pigments, 210 

StadelmaNN, amount of colouring 
matter in bile, 211 

* , diabetic urine, 346, 423 

, jaundice due to obstruction, 881 

Stadthagbn, cystin in the body, 368, 
865 

, xanthin-bodies, 348 

Stabch, action of saliva on, 153-154 
, decomposition of, 182-183 

— , digestion of, 190-191 

, heat-equivalent of, 70 

Stabvation, globulins of blood in- 
creased in, 251-252 

Stbabic acid, heat-equivalent of, 69 
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Steaeic acid, in lecithins, 86; 

, in fatB, 192 

, oombnstion of, 295 

Steinberg, on leachsBoiia, 340 
Stbinbuch, physiology of the senses, 

2n. 

Stbinbb, J., emulsifying aotion of 

alkalies, 193 
Stern, H., extirpation of liver in birds, 

348 
— , bile-pigment, where formed, 374 

Stimulants, 136 

Stimulation or senses, relation to 

sensations, 41-42 
Stohmann, on heat-eqniyalents, 69 

, digestion of oellulose, 192 

Stolnikow, extirpation of liyer in 

mammals, 343 
Stomach, peristaltic aotion of, 157-158 

^ functions of, 167-169. 176 

, removal of, in dogs, 167 

, self -digestion of, 172-176 

, decomposition of fats in, 193n. 

Stone in bladder of sheep, cansed 

by silicic acid, 26 
Storch, O., ontpnt of nitrogen in phos- 

phoras-poisoning, 409». 
Strassbubo, partial pressure of COg in 

the blood, 285 
Strbcker, a., on lecithin, 86 

, production of neurin from bile 

(cholin), 87 

J bile-acids, 208 

, synthesis of creatin, 329 

, decomposition of uric acid, 334 

, constitution of uric acid, 334 

Stroqanow, blood of asphyxiated 

persons, 259 
Strohmer, formation of fat from car- 
bohydrates, 413 
Stromata, 242 

Str\jmpell, Ad., on absorption of pro- 
teid, 78 

, tbiosulphurio acid in urine of 

typhus, 367 
Scbbotin, v., excretion of alcohol, 188 

, formation of fat from proteid, 

412 
Substituted ctstein, 363-364 
Substituted ouanidin, 329, 348 
Substituted ureas, 366 
Succinic acid, heat-equivalent of, 70 
Suoar, conversion of starch into, 190- 
191 

^ absorption of, 219-220 

, in normal urine, 367^68 

, in diabetes, 418, 425 

and its products of decomposi- 
tion, heat-equivalents of, 399 



Sulphates of the alkalies and alka- 
line earths, 24 
Sulphides, alkaline, action of iron on, 

103-104 
Sulphindiootate of potassium as 

oxygen^'carrier, 274 
Sulphoctanic acid in the urine, 867 
Sulphur, circulation of, 21-22 
— , as oxygen-carrier, 23 

in bile, 208-210, 214 

in h»moglobin, 24, 68-59, 257 

— in keratin, 66 

in proteids, 56-60, 115, 200, 362- 

363 
Sulphur compounds in the unne, 

362-367^ 
Sulphuretted HtDROGEN, product of 
decomposition of proteids, 61 

in intestinal gases, 307-308 

Sulphuric acid, avidity of, 162 
, product of decomposition of pro- 
teids, 61 

, its action in absence of basic 

salts from food, 115-117 

in flaid secreted by molluscs, 159- 

160 
Sulphuric acids, oonjngated, 277-279 

in the urine, 359-362 

. See Indigo 

Sulphurous acid, oxidation of, 27* 
Syntheses in the animal body, 812- 

318, 401-402 
Synthesis of fatty acids with glycerin 

in the body, 405, 407 
Symbionta, 45 
Syntonin, 63n. 

Szabo, D., on amount of HCl in undi. 
luted gastric juice, 157 



Tacke, B., fate of hydrogen and marsh- 
gas in the body, 808 

Tammann, G., on detection of fluorine, 
27n. 

Tappeiner, on gastric absorption, 176 

, decomposition of cellulose, 192 

— , cholalic acid, 209 

, state of blood after bums, 302 

— , intestinal gases, 305 

, benzoic acid, 812 

Tarch AN OFF, bile-pigment in the blood, 

380 
. Tartaric acid, combustion of, 297 
Tauber, behaviour of phenol in the 

body, 279 
Taurin, 208, 209, 214 
, sulphur in, 363 
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Taurin, its fafce in the body, 365-367 
Tausocholic acid, 208-210 

, antiseptic action of, 217 

Tba, 144-146 

Tebth, fluorine in, 27 

Tkmpebatuse, its effect on oonsnmp. 

tion of oxygen in different animals, 

895-396 
Than KOFFEB, L. ton, action of bile in 

absorption of fat, 216 
Thbine, 145 
Tbbobbominb (dimethyl . xanthine), 

146-147 
ThibbfbIiOBb, glycnronic acid, 282 
Thiosctlfhubic acid in urine, 366-367 
Tbibt, intestinal juice, 202 
Thomsen, thermoohemical researches, 

161, 162 
Thbombosib, origin of, 236 
TflUDiCHUu, bile-pigments, 210 
TiBOBL, £., proteida in snakes' blood, 

261 
TiBQBBM, YAN, on proportion of oxygen 

to light, 34 
Tissues, in which oxidation takes 

place, 261-267 
— ^, partial pressure of OOj in the, 

292-294 

, xanthin bodies in the, 347-348 

— , digestion of gelatin-yielding, 65 
-, digestion of elastic, 66 



ToLMATscHEFF, lecithin in milk, 89 
Toluol, 280 

TOLUTLIC ACID, 280 

Tbacrsal trbm I NATION'S in insects, 261 

TbaNSFUSION OF BLOOD, 240 

Tbansudations, pathological, 252-253 
Tbaube, M., seat of oxidation in the 

body, 263 

, oxidation of bensol, 271 

f oxygen-carriers, 274 

Tbichinosts, lactic acid in urine of, 

367-368 
Tbichloblactic acid, synthesis of 

uric acid from, 338 
Trimethtlamin, 86 
Tbimbthtl-xantbin (caffeine), 147 
Tboscbel, flaid secreted by Dolium 

galea, 158 
TscHEBiviNsBT, formation of fat from 

carbohydrates, 412 
TscBiBTEW, proteid metabolism, 225 
, reducing substances in the blood, 

267 

TUBBBCLE BACILLUS, 169 

Ttfbus, thiosulphurio acid in urine, 

367 
TiBosiK, 61, 63n., 66, 196, 197, 819- 

320 



Uleiis ventriculif 175 
Unobganized FEBMEinS, 185-189 
Dbatbs, 380, 331-383 
Ubea, constitution of, 318-319 

, its origin, 319-324, 326-327 

, where formed, 324-926 

, its relation to creatin, 327-829 

, its relation to uric acid, 337-839, 

346 



— , precursors of, 344-346, 348 

— , relation of its heat-equiralent 

to that of proteid, 71 

substituted, taurin in urine as, 



366 

Ubic acid, its composition, 830 

, its solubility, 830-934 

, its products, 334, 386-338 

, its syntheses, 836, 388 

, elimination in disease, 389-341 

'-, where formed, 341-347 

, precursors of, 344-946, 848 

, how eliminated, 351 

Ubic acid diathesis, 331, 838 

, treatment of, 365-357 

Ubinabt tubules, 349-351 

Ubimb, secretion of, 349 

, its constituents, bow eliminated, 

851 

, composition of, 853-370 

, ammonia in, 822-323 

, bile*pigment in, 377-382 

^— , colouring matters of, 857-359 

, conjugated sulphuric acids in, 

277-279, 359-362 

, creatin in, 327-328, 830 

, bippnrio acid in, 311-312, 885 

, oxalic acid in, 868-370 

, peptone in, 227, 233 

, proteida in, 350 

, sulphur compounds in, 362-867 

, urea in, 818 

, uric acid in, 380-334, 840 

, xanthin in, 848 

Ubine in diabetes, 418, 421, 428 

Ueine of bibdb, elimination of nitro- 
gen in, 341 

— — , effect of extirpation of lirer on, 
341^-347 

Ubine, pathological, 845,357,867-370 

Ubobilin in pathological nrine, 377, 
380-381 



VampyreiUa Bpirogyra, its seleotion of 

food, 4 
YAuquBUN, on allantoin, 386 
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Vegetable diet, 79-81 

, Deed far salt oanied by, 119-181 

f its effect on the nrioe, 835, 855 

Yelden, B. t. d., solphnrio acid in the 

nrine, 862 
Vblla, L., action of intestinal juice on 

food, 208 
Yertebsata. Bodinm in, 134 

, oxidation in tissnes of, 268-267 

Yebsel-wall, inflaenoe of, on blood, 

286 
Yisbobdt, respiration, 292 
YiBCHOW, on chlorosis, 104 

, cause of Ulcus ventrvcvlit 175 

, origin of thrombi, 236 

, hsdmatoidin, 876 

YiTAL fobce, 1, 8 

YiTAL PHENOMENA, siechanical expla- 
nation of, 1-18 
, psychological explanation of, 

7-8 
, forms of energy and motion in, 

33 
YiTAL PROCESS in plants and animals, 

43-44 
YiTALISM, 1-8, 12-13 
YoiT, C, on nutritive Talae of gelatin, 

64-65 
, on nitrogenous equilibrium, 72 
, on excretion of nitrogen after 

caffeine, 146 
, bebaTiour of oreatin and crea- 

tinin in the body, 148, 151, 328, 

880 
— , on bile, 215 

^ absorption of proteid, 224 

- — , loss of weight in starvation, 

251 

, elimination of nitrogen, 254 

, on respiration, 296 

, urea, where formed, 824 

, uric acid, 882 

, sulphur compounds in the urine, 

862 

, source of muscular energy, 888 

— , effect of mosuular work on out- 
put of nitrogen, 390 
^—f differences between warm and 

cold blooded animals, 896ti. 
-y formation of fat in the body. 



401, 403, 410 

, glycogei; in cats, 411 

— , digestion of fat in diabetes, 

420 
<^— , interchange of gases in diabetes, 

422 
YoLHABD, J., synthesis of oreatin, 

829 
YoetxcelIlB, chlorophyll in, 46 
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Walter, Fr., ammonia in urine, 823 

, poisoning with acids, 436 

Warrington, formation of saltpetre, 

278 
Water, taken up by plants, 15, 38 

, not nutritious, 47 

, its influence of mass, 163 

— , its presence essential in fermen- 
tative decomposition, 185-186 
Water-plants, experiments with, 84 
Weber's law, on stimulation, 42n, 
Weiske, on digestion of woody fibre, 

81, 192 
Wenz, J., action of intestinal juice on 

food, 203 
Wertheim, state of blood after bums, 

302 
Wiedemann, glyouronic acid, 281 
WiEDERSHEiM, intestinal epithelium of 

cold-blooded animals, 4iL 
Wilson, G., fluorine in blood of mam- 
mals and birds, 27n. 
WisucENVs, J., isomeric lactic acids, 

846n. 
WissoKOwrrscH, lactic acid in tetanized 

muscle, 897 
WisnNOHAUSEN, actiou of bile in ab- 
sorption of fat, 216 
WiiTiCH, voN, properties of ferments, 
186 

, diffosibility of peptones, 195 

, carmine and uric acid, how 

eliminated from the blood, 351 
WoHLER, synthesis of hippurio acid, 
812 

, constitution of urio acid, 334 

, allantoin, 386 

WoLFERs, inflaence of alcohol on. 

elimination of carbonic acid, 143 
Wolpfberg, elimination of CO, by the 

lungs, 290 
WOLKOFF, Al. ton, proportion of oxy- 
gen liberated to light used, 33-34 
WoLPE, H., diabetic urine, 845, 428 
WooDT fibre, importance of, 81-84 
WooLDRiDOE, L. G., coagulation of the 
blood, 288, 240 

, stromata, 242 

, saccharin, 488 

Work, mechanical, 80-31, 88, 35 
— , mental, its inflaence on meta- 
bolism, 42-48 
— —, muscular. See Koscular energy 
Worm Mijllbr, partial pressure of 
oxygen, 260 

lasvulose in diabetes^ 426 



Worms, intestinal, 208 
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W0BO8CHILOFF, on absorption of pro- 

teid, 78 
, on nitrogenons eqnilibrinm, 

80 
WuBTZ, on Bjnthesis of nenrio, 86 



Xanthin, 145-147, 847-348 
Xanthin bodies, 848 
Xtlol, 280 



Ykast-cells, 182 

Yeo, G. F., on bae, 207 

Yolk or boo, crystalloids of, 53, 

62n. 
, preonrsor of hemoglobin in 

nnclein of, 100-102 

f lime in, 111 

Yolk-plates, 58 



Z 

Zabelin, conyersion of nrio aoid into 

nrea in animal body, 889 
Zaleski, St., iron in liyers of pnppies 

and dogs, 110 

, carbonio oxide, 276 

, excretion of nrio acid, 351 

, iron in the liver, 382 

, haemoglobin in mnsole, 897 

Zandeb, hydrochloric acid as a remedy 

in oblorosis, 104 
Zawilski, the paths of absorption, 218, 

222 
Zimmebbkbg, action of aleohol on the 

heart, 140 
ZiNOFFSKT, analysis of hssmoglobin- 

crystals, 58 
ZvNTZ, nnion of sodinm and GO, in 

the blood, 287 
ZwEiPEL, digestive apparatus in the 

fcetns, 214 
J oxyhssmoglobin in blood of um- 
bilical vein, 265 
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